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2 PREFACE 

This book has a double purpose: First, to assist in forming 
an enlightened public opinion by presenting simple facts which 
underlie and are essential to sound practice in road-work, and 
to promote an understanding of and co-operation with this vast 
economic movement of road-building now moving over this 
country like a great wave of unprecedented magnitude. The 
subject-matter and its presentation will be easily understood 
by the non-technical reader. 

Secondly, it aims to furnish the material for a brief corre- 
spondence course for actual road-builders, of the type now 
being offered thru the Extension Departments of a score of 
leading State Universities. This, however, appears to be the 
first effort in that particular direction. 

Correspondence Use. — In preparing this text on "TAe 
American Road^^^ and questions thereon for correspondence 
instruction, the aim has been to encourage independent study 
and thought on this great national problem, — the construc- 
tion of good and economical highways. Many questions are 
asked to which no answer is given, — possibly there are no 
satisfactory answers to them. The student of road-building 
whether officially connected with such work or not, comes only 
to weU-ripened judgment after pondering its many phases care- 
fully, diligently, and for a considerable period of time. Fre- 
quently what he most needs are live, suggestive ideas, or hints, 
whose complete application has not been worked out, or even 
fully stated. This text contains much of such suggestive 
material, a result of gleaning important constructive ideas 
from road experts all over our country. Many of the ques- 
tions are designed to draw on the student's experience and 
general knowledge, and many, it is especially hoped, will 
stimulate his powers of observation. 
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Classes for Whom Intended. — Whether pursued with 
formal instruction or not, the material here collected will 
have great usefulness to graduate civil engineers who have 
given little attention to matters most characteristic of high- 
way work, yet are called upon to assist in developing our 
national road system. 

It is also aimed to especially assist that larger group, perhaps 
found in less responsible positions, who possess a limited tech- 
nical education. Engaged in road-work, their lack of informa- 
tion on its numerous and complicated phases is discovered. 
This is a severe disadvantage to themselves, and also to the 
public in whose service they are, and whose interests they 
should be specially competent to safeguard. 

A third class is that relatively inconspicuous but vastly 
important group of persons who actually build the roads, and 
guide and direct the labor of construction and maintenance. 
These, it is believed, will here find numberless practical and 
definite hints enabling them to obtain better and more econom- 
ical results. They will also obtain a broadened interest and 
appreciation of their work, so often lost in the petty details 
of routine. 

A fourth and likewise vastly important group may expect 
this text to be of special value and assistance. It consists 
of local officials, such as County Boards, or Commissioners. 
Their intelligent assistance and support of road engineers and 
other officials directly engaged in road-building would fre- 
quently permit the latter to do more, better, and more eco- 
nomical work with road fimds than is now, unfortimately 
often the case. Still more unfortimately, this deficiency of 
results is often brought about by ignorance or antagonism 
from such board members, who having never themselves 
studied the principles of sound road-building, are therefore 
grievously affronted if it be suggested that there are any. 

And lastly, there is a countless throng, not officially connected 

with road-work, consisting of tourists and others who regularly 

use and have a general interest in the roads, — in short the 

^reat American public. These it is who must furnish that 

enJIgbtened public opmioxi upon which we must chiefly 
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rely for substantial progress toward the scientific building 
and administration of American Highways. In numberless 
instances such persons would be the prod and spur of lax 
officials and severe critics of wasteful and extravagant methods 
if only they were themselves sufficiently well-informed. To 
this class this text will particularly commend itself as a fair 
outline of modem highway problems, of the most advanced 
methods of dealing with them, and of promising methods for 
preventing the continued waste of millions of dollars of road 
money. 
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The American Road 

CHAPTER I 

GENERAL COimiTIONS AND PRELIMINART STUDIES 

Before studying detailed methods of road construction, it is sought to lay 
a foundation on general facts and present-day conditions. This chapter 
will discuss the scope of the American road problem, and the general 
theory of improvements. Then the part played by indifference of the 
public, and by incompetence in many nominal road-builders, with resulting 
enormous money wastes, will be sketched. Then we shall see the vital 
part which good roads play in rural development and that of the country's 
best citizenry, that the ultimate secret of low costs lies in wise spending, 
and that good roads are the best of investments. We shall then approach 
such construction problems as location, the study of grades, their econom- 
' ics, and finally show that the engineer is more nearly fitted by training to 
handle road work than any other person. 

INTRODUCTION 

1. Sotirces of Information. — It is not the present purpose to 
attempt a new or startling treatment of Country Highways. 
But little claim of originality is made. The Highway Depart- 
ments of many progressive States put forth their experience 
in printed instructions to those actually carrying out road 
improvements. Leading engineers and other students of road 
problems have written many articles for engineering and Good 
Roads papers, or have presented the results of their study at 
Highway Conventions. Textbooks devoted to Highway En- 
gineering steadily increase in number. For twenty years the 
Federal Government, thru its Office of Public Roads, has 
steadily carried on a campaign of education, publishing a 
large number of bulletins on all phases of highway work. There 
is seen, therefore, to be no dearth of material nor necessity for 
ignorance on the part of those who wish to learn. 

2. Aim of Course. — This text, and the Correspondence 
Course based on it^ aims to select and coWecl ^>3i\:aXAfc Ts^aX-^sw^ 
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from a wide range of these sources, and to arrange, edit, and 
co-ordinate the same so far as may be practicable in a brief 
treatment. The particular object and purpose of this work 
centers aroimd the hope that these principles may be advan- 
tageously applied to improving country highways in Oklahoma, 
or in any other State, particularly in those cases where sufficient 
trained highway engineers are not regularly available. Truly, 
"He who runs may read,'' — if he wants to. No State can 
afford to annually waste three or four million dollars on her 
roads, thru unintelligent or inefficient application of road 
funds, as many are now doing. The existence of a suitable 
field for this course cannot be gainsaid. 

How can the universal need for good roads be met? Evi- 
dently we can obtain them at a reasonable cost only by applying 
the collective experience and specialized knowledge of those 
devoting themselves to its problems. This text is designed 
to place such information and experience before those persons 
thru whom the public may be most benefited. Such a text 
should be short and designed to deal chiefly with that pressing 
need, common to most States of the Union, viz. : the develop- 
ment of country roads. Probably a chief benefit to be obtained 
from it will lie in the habit of studying and observing local 
problems and conditions developed in the minds of those who 
seriously study it. 

3. Plan of Treatment. — The material presented will be 
developed in the following sequence: The general arguments 
for good roads, and then a summarization and discussion of 
the principles which have by experience been found to underlie 
successful road administration. Road economics, cost account- 
ing, earthwork, and systems of road finance will be briefly 
treated, and the convict question considered. We shall then 
examine the general considerations applying to all sorts of 
road-building, such as location, ruling grades, and the vast 
importance played by all questions of drainage. Then follows 
in detail the methods of construction and maintenance of earth, 
sand-clay, " top-soil," and gravel roads as developed in various 
States, and a study of the materials which have been success- 
/i/JJy used ior these types of roads. 
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It is also hoped to indicate the directions wherein a further 
ietailed study will most certainly repay the effort spent, and 
liat this text will assist and lead to the construction and 
naintenance of the greatest possible extent of good roads at 
Jie least possible cost. 

There is an outline treatment of road structures, such as the 
larger culverts and bridges, discussing elementary principles, 
the violation of which certainly leads to great waste of public 
money if not to the direct loss of human lives. The closing 
topic will be "Needed Legislation'' and will undertake to sug- 
gest the legislative steps essential in any State to achieve the 
wisest and most economical expenditure of public money upon 
the highways. 

4. — This is distinctly not a course in Highway Engineering, 
since it purposely avoids treating, excepting in the most super- 
ficial way, those subjects ordinarily covered in a resident 
school of civU engineering. This would include surveying, the 
design of steel bridges, the planning and construction of rein- 
forced concrete, etc. A further distinction is that this text 
deals wholly with "cheap" roads, the kind that the West and 
Southwest must always chiefly build. It stops just short of the 
stone road (Macadam), with all its modern variations, as bi- 
timiinous macadam, oiled macadam, bituminous concrete, 
and so into the various pavements, such as asphalt, in sheets 
or blocks, brick, wood, etc. For these types, in cost running 
up to $20,000 per mile, the direction of a skilled engineer is 
so obviously necessary that the material here presented would 
be of little value. 

The necessity for the soundest of good engineering on " cheap " 
roads is herein consistently emphasized. The underlying 
reason is that where a limited amount of money is to be spent, 
usually true in country districts, the highest possible skill is 
required to get the greatest returns. 

6. Scope of Country Road Problems. — There are two and 
one-quarter million miles of roads in the United States, but 
less than ten per cent of them are improved, and probably less 
than one-sixth are given systematic maintenance. Three- 
fourths of the traffic passes over one-fifth of the roads. Two- 



j 4 THE AMERICAN ROAD 

thirds of oxir population live in the country. All our fan 
products mi^st pass over country roads. If bad roads prevenf* 
country people getting to market, both the merchant ai 
farmer lose, — but the town and city dwellers cannot fail 
share in the loss. Therefore temporary expediency should nc 
be the aim in road work, since good roads are a permanent 
necessity. They should be constructed with the best availabl 
materials, and as experience has shown to be most economic 

Ten years ago the amount of money appropriated as "Stat 
Aid" for highway work was approximately $2,000,000. F( 
1 9 14 this increased to $43,000,000. In 1904 the total expem 
tures on highways in the United States was estimated at 
$75,000,000; for 1914 it exceeds $200,000,000. In the midn 
Western section the expenditures in five years have easily 
i quadrupled, and there the road-building program has hardly 

I been started. 

6. Earth Roads. — The term "earth roads'' includes aD 
forms of construction, or lack of it, below the grade of macadam, 
to secure a passageway for animals and vehicles. This should 
be again divided into "ordinary" and "improved" earth 
roads. Improved roads are those where a reasonable attempt 
has been made to secure a scientific location, and good drain- 
age with low and fairly uniform grades, and where somt 
intelligent effort has been made to overcome adverse natural 
conditions. 

Since an overwhelming preponderance of our road mileage 
will always be of earth, what can science, or common sense, 
do for those who use the common country roads, built of local 
materials? Science can do, and is doing much for these roads 
wherever she is permitted to serve the community. This text 
is an effort in that direction. 

Cheap roads are needed. Much agitation has assumed that 
the only good roads had some sort of costly hard surfacing, 
requiring eight to fifteen thousand dollars per mile. A survey 
of conditions in the West generally shows this to be an im- 
possible viewpoint, and that road-improvement with local 
materials will be the chief need for a long time to come. The 
dirt road represents the first leg of nearly every journey, and 
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over it moves the traffic of the repubUc. When improved 

it wiU bring additional hundreds of thousands of acres under 

[Cidtivation. 

I 7. Possibilities Not Appreciated. — 

) "We have lived so long with our earth roads at their worst," says L. W. Page, 
kof the U. S. Office of Public Roads, " that we fail to see that vast improvement is 
.possible. This, too, need not jeopardize further improvements and still better 
r roads, such as gravel or macadam. A good earth road is the stepping-stone to a 
i hard road. It is the foundation of all future improvements, and with proper future 
L plans may be constructed at once. A comparatively small annual outlay for 
L maintenance will keep it in shape until funds are available for a hard surface. But 
' to expect a good earth road where none has ever been built is like expecting a harvest 
» from untilled ground. The earth road must be built, just as much as a gravel or 
F macadam road must be built, and as much skill and experience is required to secure 
the best results for the money expended." 

8. Logical Procedure. — "People are beginning to realize 
rthat even dirt-road construction requires the services of men 

who have been trained in this line of work. And in those 
coimties which rely entirely on the labor tax for constructing 
their pubUc roads, a great advance can be made if this labor is 
utilized imder the supervision of an experienced road engineer. 
"To make the best showing with the least possible money 
J there must be applied the best skill available, not only in loca- 
J tion, but in ascertaining the best material obtainable and in 
J getting the" best construction. No county should attempt 
important construction, or the issuance and expenditure of 
bond proceeds, without a competent engineer. Incompetent 
ones, tho costing but little for salary, have often been very 
expensive. 

"It is not possible to emphasize too strongly the importance 
of carefully considering preliminary plans. Deciding the type 
of road to be built is of the utmost importance, for, if a mistake 
is made, the results obtained will be disappointing. A thoro 
study of the available materials in each locality is the first 
thing needed. 

9. Theory of Road Improvements. — If the amount of 
money available is quite small, it may be necessary to limit 
expenditures, for a time, to a single road, but with sufficient 
money it should be expended on several important roads radi- 
ating from the towns. Possibly on a given road the greatest 
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benefit indicates the improvement of a particularly bad spot 
distant from town, but the general poKcy should be to first 
improve parts close in to town. As additional funds are avail- 
able, each of these roads may be extended farther into the 
country to connect with similar radiating roads, built by other 
communities, providing the entire locaUty with a network of 
good roads. 

While radiating roads of this kind benefit the farmer primarily, 
they help the town no less. In an agricultural community, 
without substantial manufacturing interests, the town is prac- 
tically supported by the trade of the surrounding farmers. A 
good road, enabUng the farmer to market to better advantage, 
increases his purchasing power, and so benefits the merchant 
in his trading town. Improved highways radiating from a 
town widen the area from within which the farmer may profit- 
ably market his products and buy his supplies in that town. 
Good roads also attract farm settlers, who also bring increased 
trade to the town. 

10. Good Road Truisms. — Since restatement does not 
tarnish truth, the following facts may be again brought out: 

Good roads, Uke good streets, make habitation along them 
most desirable; they enhance farm values, facilitate trans- 
portation, and add wealth to the producers and consumers of 
the country; they economize time and save wear and tear; 
they bring the country-side into beneficial touch with the 
city; they aid social, religious, educational, and industrial pro- 
gress; they make better homes and tend to keep the young 
people on the farm; they promote social and commercial in- 
tercourse, and prevent intellectual stagnation in our rural 
population. 

Bad roads mean abandoned farms, sparsely settled country 
districts, and congested cities, (jood roads mean more culti- 
vated farms, and cheaper food products for the city worker. 

11. Usual Road Problems : Bridges. — To successfully 
attack any problem we must first know exactly what that prob- 
lem is. Let us, for example, examine into the past conditions in 
Oklahoma, to see that which we desire to avoid. Her first 
Commissioner said $2,000,000 were spent annually for building 
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**tin" bridges, and about one-half a million spent on them 
annually for maintenance, even when most of them were com- 
paratively new. This was two or three times as much as it 
normally should be, and this problem would never be ade- 
quately solved by having a multitude of imtrained men in 
charge of this bridge-building, but only thru an effective State 
Highway Commission. 

An adequate system of accounting is urged for the expendi- 
tures of public road and bridge money. There is here a great 
deal of "graft," even tho road officials are thoroly honest 
and act with the best of faith. It arises because the design 
and construction of good structures, particularly bridges and 
culverts, call for high-class engineering. In other words, 
local officials cannot in the very nature of things know whether 
or not a given bridge should cost $2,000 or $6,000. Too often 
they have been thoroly victimized in this manner and vast 
sums have been really, tho perhaps by them honestly, wasted. 
Adequate penalties should be provided for failure to report 
highway and bridge expenditures on the part of local officers. 
Provisions might well be made whereby the work could not be 
paid for imtil approved, accepted, and reported upon by a 
representative of the State Highway Commission. 

It is especially desirable and important that the plans of 
all bridges and culverts, except the most insignificant ones, 
be checked-up by some competent engineer. Inspection and 
verification by him of the quality and quantity of the work 
done should be made a condition precedent to the issuance 
of warrants in payment. A modern bridge is an expensive 
product of centuries of engineering study and practice. Can 
the local official be supposed to judge competently whether 
the plans are adequate and safe, and not too costly, i. e., 
whether they are really worth the price asked? Or, granting 
that the plans and price are proper, can he be always certain 
that the work which the plans call for has been thoroly and 
conscientiously done? Skilled supervision and inspection is 
demanded if the public money is not to be squandered. The 
argument applies to the smaller township undertakings as 
well as to important State or coxmty work. An effective State 
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Highway Commission should effect enormous savings in this 
field. 

It has been often and aptly said that "An engineer is a man 
who can do for one dollar what anybody can do for two," and 
this economic view is precisely the one to take of the highway 
engineer. To lack the knowledge of what has been accom- 
plished in similar circumstances elsewhere, puts any man 
imder a great handicap. But after the engineer has com- 
petently done his part, there is still required the intelligent 
co-operation of the foreman, or supervisor, actually doing the 
work. If studied, this text will assist such a person in such co- 
operation. Such, in fact, is one of its chief aims. 

12. Road Building an Engineering Problem. — To make a 
good road at all times free of dust, mud, and ruts, using local 
materials or at most those which can be cheaply and easily 
obtained, is an accomplishment calling in a marked degree 
for continuous study, for considerable engineering skill, and 
for the soundest judgment. Even then this general problem 
presents many diflSculties not heretofore sufficiently considered 
or adequately studied, particularly in view of the widely 
differing materials and conditions in the various parts of this 
and other States. The successful farmer is not, perhaps, a 
skilled and experienced road builder. But there has been a 
stupendous waste of money, and vast discomfort and loss to 
road users in consequence of similar assumptions. 

13. Cost of Indifference. — Take this example: Oklahoma 
is third in annual road and bridge expenditures of the several 
Southern States; in 1913 she spent three and one- third mil- 
lions, cash, and "worked out'' about three-quarters of a million 
of poll tax. No Southern State expends less than a million dol- 
lars annually on her roads and bridges in addition to the statute 
labor. Certainly no firm or corporation which did not court 
bankruptcy could expend these sums in such a haphazard 
fashion as do the people of these commonwealths. In 1915 
Oklahoma recast her road law upon a progressive basis. 

14. Vast Sums Annually Wasted : Why? — Money in vast 
sums is spent annually for maintenance of existing earth 

^ roads, but has given little resulting benefit, because of: 
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1. Lack of any set plan or system of road-work. 

2. Choosing road officials for reasons other than their ability 
or interest in good roads. 

3. Constantly changing road officials, laborers, and teams 
employed on the work. 

4. Working roads at the wrong time of the year. 

^ 5. Adherence to an obsolete plan, using labor tax instead of 
cash tax. 

16. Handicap of Incompetency. — It is estimated that in 
some States some five or six thousand persons are officially 
connected with administering the system of building and 
maintaining its public highways. Yet there are no require- 
ments as to competency for these duties. There is no unity 
in method or organization, or state regulation, supervision, 
direction, or control. While the people are annually expending 
on public roads more than $200,000,000, a large percentage 
of the money, by reason of ignorance of proper methods and 
wastefxil management, is not accompUshing any permanent 
results. 

16. Effectiveness vs. Tradition. — To properly expend this 
great sum there should be employed a sufficient number of 
skilled, qualified men. They should be provided with neces- 
sary assistants and equipment, have placed at their disposal 
sufficient fimds, and should be held responsible for results. 
There should be a well-connected chain of co-operation and 
supervision from the Federal authority down to the lowest 
township road official. This would be vastly better than de- 
pending upon tens of thousands of road officials whose knowledge 
of road-building is incidental to some other occupation. 

17. Increase of Land Values. — There has been observed 
a most marked effect upon land values and in the change for 
progressiveness in communities thru which good roads run. 

Typical Examples. The following cases axe dted in Bulletin No. 136 of the 
U. S. Office of Public Roads: 

Manatee County, Florida, built 64 miles of macadam and shell road. From 
191 1 to 19 1 2 land on the road increased in value $20 per acre, and land a mile away 
from the road showed an increase of $10 per acre. 

Spottsylvania County, Virginia, improved 41 miles of road, and land which 
formerly sold on an average of $25.74 changed hands within three years at an 
average of $44*74 per acre. 
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In Dinwiddle County, Virginia, where 123 miles of road were built, land between 
five and ten miles from Petersburg advanced on an average from $15.2^10 $30 
an acre in about fifteen instances, while land ten miles from town increase $16.32 
per acre in sixteen instances. 

In Franklin County, New York, where 124 miles of road were built, eight lueoes 
of land selected at random showed an increase of 27.8 per cent after the improved 
roads were built, while in Lee County, Virginia, which built 84 miles of road, land 
similarly advanced 25 per cent. 

18. Community Development. — Spottsylvania Coirnty, two 
years after the main roads were improved with the proceeds of a 
$100,000 bond issue, showed a remarkable increase in general 
farm products as well as dairy and garden lines, showing the 
possibilities from an agricultural standpoint of "always good" 
roads. These roads were estimated to be returning dividends 
of more than 40 per cent as a freight proposition alone. Great 
advantages were derived from increased crop production, with 
consequent employment of more labor at a higher price and 
added prosperity to every one whose interests were connected 
with the community in an agricultural, business, or professional 
way. 

19. Relation of Good Roads and Good Schools. — All 
educational activities or agencies must be more or less cor- 
related, and they must be made accessible to the children. 
Where bad roads prevail most of the schools are of the anti- 
quated one-room variety, usually located along bad roads at 
times nearly impassable. Thus irregular attendance restricts 
the educational opportunities of the child. Bad roads often 
impede the economic consolidation of these smaller schools, 
tho the consolidated school might give high-school courses, 
directed by a competent principal and corps of teachers. On 
the other hand, by improving the roads, consolidation is made 
possible, the schools are easily reached, the average attendance 
greater, and general eflSciency is largely increased. Regular 
attendance at school means consistent and regular growth of 
both school and pupil, and consolidation means a maximum 
benefit to the pupils attending. 

The National Education Association, too, is strong in the assertion that the 

rural educational problem will only be solved by consolidated schools. It must 

Ife centrally located, and should then serve as the center for neighborhood gather- 




Before and after in Alabama, — cherty gravel toad. 
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agSf with a library and reading-room for the parents as well as the children. Lee- 
ures should be given, and the men of the community encouraged to gather and 
iscuss questions of community, State, and national importance. 

21. Who should Build the Roads? — Good roads are of 
dtal importance to city and coxintry dwellers alike, and are as 
auch a part of the coxintry's transportation system as the elec- 
ric or steam railroad. We have reduced the cost of railroad 
lauls to one-tenth or one-twentieth of what it formerly was, 
.nd are now moving rail traffic cheaper than anywhere else 
Q the world, but with road freight we have failed to keep pace 
nth. our long-distance transportation. 

In many places communities have improved their roads 
ufficiently so that motor trucks from the city gather up farm 
)roducts daily and the difference between the consumer's 
)rice and that paid to the producer is small. The common 
aborer in the city as well as the man of wealth are heavily taxed 
dctims of bad roads, and it is just as equitable that they should 
Lssist in their improvement as the farmer. This is the essence 
)f the principle of ** State Aid.'' The underl3dng aim should 
)e to apportion the cost of road-building according to the 
)enefits received. 

22. Do Road Investments Pay? — It has been said that "we 
ire the only nation which can afford poor roads," — but we 
ire beginning to realize that we can no longer afford them. 
;f the farmer takes account of his time, and the wear and .tear 
)n his vehicles and harness, made necessary by the larger 
lumber of trips with smaller loads, the cost of hauling mounts 
ip very fast and correspondingly reduces his profits. The 
:onclusion is that no better investment can be made than 
mtting money into judicious road-building. 

23. Normal Growth of Country Population. — Iowa attrib- 
ites her loss in country population to bad roads more than to 
my other one factor. Her experience indicates that if farm 
)roducts could be hauled over the roads any day in the year, 
)eople could be gotten to cultivate five- and ten-acre tracts 
n an intensive way which would add greatly to the wealth of 
he population and to their numbers as well. 

Ohio shows that in numbers her rural population did not keep 
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up in growth with her urban population, but that it was de- 
creasing at an appreciable rate with the lapse of time. It is 
undoubtedly bad for the economic condition of a State to have 
its rural population steadily decrease while its city population 
steadily increases. If these interesting facts pertain to two 
of the most fertile and wealthy States of the Union, may we 
not safely assume that these conditions are pretty general? 
The moral is obvious. 

24. "The Mud Waste." — Statistics show that more than 
double the tonnage passes over country roads than over the 
railroads. The Office of Public Roads at Washington says that 
the cost of hauling freight over our improved roads is 15 cents 
per ton-mile less than over ordinary dirt roads, which figures 
out a mud waste of over four hundred million dollars per 
annum. 

Careful studies have shown that if two horses can just haul 
a given load over a road of dry and smooth broken stone, it 
will require three horses to move the same load if the same 
road is in a moist or dusty condition. But if the road is of earth 
and rutty and muddy, it would take five horses to pull it. 
If the road be covered with deep ruts and thick mud, eight 
horses will be required. But in still more unfavorable condi- 
tions of the road, ten horses would be required to perform the 
same work. 

26. Cost of Hauling. — Several years ago, in Indiana, an 
estimate of the cost was made to haul loads over various types 
of road surfaces giving the following costs per ton per mile: 

Asphalt 2. 7 cents 

Good macadam 8.0 

Gravel road 8.8 

Earth, hard and dry 18.0 

Macadam with ruts 26.0 

Wet sand 32.0 

Earth roads, ruts and mud 39.0 

Dry sand 64.0 

The above estimate will vary in different localities, but it is 
safe 'to assume that the ratio of costs for the various types of 
roads will remain practically constant. 



CONDITIONS AND PRELIMINARY STUDIES 13 

26. — The Department of Road Economics of the U. S. 
Office of Public Roads studies hauling costs, among numerous 
other things. These are some of the questions the Department 
asks and endeavors to answer: What returns, both in money 
and social service, are the roads giving us on our investment? 
How can the costs be reduced and the returns increased? 

The answer to certain questions long disputed are already 
in sight. From studies made in Mississippi, Alabama, Florida, 
North and South Carolina, and Virginia it would appear that 
the cost of hauling the largest crops of the South — cotton and 
tobacco — to market over the unimproved roads is about 
30 cents per ton-mile. Where the roads have been improved 
with a hard surface this cost is reduced to about 15 cents per 
ton-mile. In other words, good roads cut the farmer's principal 
hauling bill in two. 

27. Drainage Wastes. — A leading Southern editorial writer 
says: 

" A fruitful source of waste is in failing to employ proper methods of drainage 
when a road is improved or repaired. Expensive surfaces can be put on roads 
later, but good drainage makes a satisfactory roadbed for any kind of road surface. 
Formerly there were nowhere any carefully laid plans for road-improvement year 
by year. Nothing at all was done until certain parts of the road became prac- 
tically impassable. Then there was a cry that something be done at once, but 
this is what it was: The road officials set aside money for the purpose, and the con- 
tract was given to some jobless man or to the local political leader. In either case 
the result was the same, — waste, heart-breaking waste. 

"This occasional road-builder usually piled a few scraperfuls of dirt in the 
stretch of road where he was operating, making a rough, tumbled grade, over this 
scattered a little gravel, called the job completed, and drew his money. The first 
rain washed away the gravel; the second let wagon wheels mire to their hubs. 
Then there was another hue and cry, and the whole process was repeated at more 
or less regular intervals. Washouts, indeed, both of dirt and dollars! " 

33. Waste by Choosing Wrong Road. — It is a prevalent but 
mistaken idea that to improve our main roads we must give 
them a costly hard surface. Often an agitation results in a 
demand on the township or county for such an improvement, 
and unfortunately several thousand dollars are often spent on 
a few miles* of road having comparatively little traffic, while 
principal market roads are neglected. This unimportant 
road is perhaps only a small feeder and having usually received 
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but little maintenance may soon be about as poor as before 
improvement. 

Assume that the sum of $5,000 was expended in the case just referred to, and 
four miles of road were improved. This same sum, allowing $100 per mile, would 
have improved fifty miles of dirt road for four years, or two hundred miles for one 
year. This improvement would have consisted of dragging and removing dead 
earth from the surface, crowning the road by means of the drag, cleaning gutters, 
and removing stones. Ruts could have been greatly reduced, drainage made pos- 
sible, in itself working a permanent improvement, and, during the greater part of 
the year at least, the road would have been in fair condition. 

34. Waste by Misapplication : Bond Issues. — The only 
part of a road that is really permanent is its location, or right 
of way. Money raised by a bond issue should be spent upon 
permanently located roads, the larger part on the roadbed or 
subgrade, and the smaller part in surfacing. The best ad- 
visers say that 65 per cent for the grading and possibly bridging, 
if of permanent types, and 35 per cent for the surfacing is about 
the proper proportion. This should apply particularly where 
the bond issues are long- termed; for at the maturity of the 
bonds the resxUts obtained from the major portion are as good 
as when the work was first done. On the other hand, the sur- 
facing material has probably been changed or renewed several 
times during the long period the bonds have run. 

The money raised by small township bond issues has often 
been used in repairing old roads and on temporary location of 
new roads. In a few years the results first obtained may be 
entirely lost, and when the bonds become due, there is nothing 
to show for the money. 

In all cases means should be provided for raising not only the 
bond interest, but also for an adequate sinking fund. It is a 
better plan to make the bonds serial and retire a part each 
year. (See § 249.) 

When the State authorizes the issuing of county and town- 
ship road bonds, it should stipulate that such money can only 
be used for construction work on permanent locations, and for 
the permanent part of such roads if the bonds run for a long 
term, and that the county or township must obligate itself 
to provide a special road tax for the interest and sinking fund, 
or to retire them if serial bonds. 
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• 

36. Waste in Choice of Type. — A leading highway engineer 
says: "I beheve more waste arises by using an improper type 
of road than otherwise. This does not mean too cheap roads 
have been built. Often it is the opposite error. More loss 
has probably been entailed by building too high a type of road 
than by building too low a type. Thus gravel roads properly 
maintained, are easier riding and more satisfactory to motorists 
than either a pavement or a bituminous macadam high- 
way." 

"The maintenance of a gravel road (in New Hampshire) 
does not exceed in any instance $200 per mile per year. The 
cost of construction is less than $5,000 per mile, and yet for 
motor trafl&c, they are more satisfactory than the $12,000 to 
$2o,ooo-a-mile roads, which require an average maintenance 
of from six to eight hundred dollars per mile. Interest at 
S per cent makes the annual cost of the first, say $450; of 
the second, perhaps as much as $1,500 per mile. 

"It is not necessary to expend such large amounts upon the 
surfacing of many thru highways. The drainage, the grading, 
and the alinement should be exactly the same upon the cheaper 
roads, as upon the pavement type, but the surfacing chosen 
for a road should be regulated solely by its traffic. This is 
the logical and correct solution of such problems, tho these 
factors have often been largely forgotten by those who have 
built a large mileage of our State highways. 

36. Cheap 05. Expensive Roads. — Much is said about the 
economy of high-priced pavements; Kttle on the value of low 
and medium-cost pavements. Road authorities should reaUze . 
the financial and practical aspects of the problem and not per- 
mit themselves to be carried away by popular clamor. 

Roads are much like automobiles that run over them, — to 
be had at almost any price. The cost of running, repairs, 
and upkeep is nearly proportional to the first cost of the car. 
It is the same with high-priced pavements. It is easy to gloss 
over the distant items of sinking-fund payments for renewal, 
the high repair costs when they become necessary, and the 
added interest requirements. The practical solution hes in 
choosing a type of construction that fulfills the greatest 
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number of fundamental conditions at a cost that can be af- 
forded. It is the task of the road engineer or other official 
to decide in a specific case where between these extremes his 
road falls. 

37. Choice of Surface. — The automobile is given, and 
rightly deserves, a great deal of consideration in building new 
roads and in rebuilding existing ones, yet the horse-drawn 
vehicle with steel tires should certainly not be overlooked. It 
is a good plan not to cater exclusively to either in building an 
important country road, but to plan and build the road to 
best meet the requirements for both under the given conditions. 
Consider the number of each using the road, and the probable 
increase of the next five or ten years. Thus experience has 
shown that it is useless to build a clay, or gravel, or even water- 
bound macadam road on a main traveled thorofare near a 
large city where automobiles will probably be two-thirds of 
the total road traffic. A hard-surfaced road is needed, with a 
binder that will not disintegrate under skidding, suction, or 
other characteristic traffic actions of inflated or solid rubber 
tires moving at high speeds. 

38. Secret of Low Costs. — (See also § 7.) Highway im- 
provement, like the growth of population, should be pro- 
gressive. This means, first, the proper locating, grading, and 
drainage of the sub-base, or sub-grade. These are essentials 
to any good road. 

This sub-base can be used as an earth road during the years 
when traffic is light and can be kept in serviceable condition 
by intelligent scraping and dragging after spring and fall rains 
at a cost of $20 a year per mile, or perhaps substantially less. 

The second step is to make a sand-clay, or say a gravel 
road, when travel increases or funds become available, by apply- 
ing several inches of sharp clean gravel after dragging and 
rolling the earth road. This can be done in most places for a 
few hundred dollars a mile and maintenance will cost about $100 
a mile. 

When the gravel road is outgrown, it forms an excellent 
foundation for a concrete surface. It is only necessary to loosen 
the gravel, and roll it to uniform compactness, then lay con- 
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Crete to carry heavy trafl&c. This surface construction costs 
approximately $1.50 a square yard. Maintenance should not 
average more than $50 a mile annually. 

The final step in progressive road-building, when heavy 
teaming and trucking predominate, is to lay vitrified brick or 
granite blocks, grouted with cement, on the concrete. Or, 
if part of the road should become a residence street or set 
apart as a boulevard, a quiet pavement of wood blocks, sheet 
asphalt, or asphalt blocks can be laid on the concrete. 

This is the most practical and economical plan, providing for 
varying volumes and kinds of traffic over a century or more of 
use and involving no loss of investment in pavements that are 
excessively costly to maintain and which are not essential as 
a foundation in the final type of highway. 

39. Spending Wisely. — Whatever the source of funds the 
necessity exists for spending wisely. What, if any, guiding 
rules are there? Sound thinkers agree that: 

1. No road should be improved without some provision for 
its maintenance. 

2. That all unprofitable work (i. e., things done for their 
beautifying effects alone) should be mostly avoided. 

3. That all improvements not actually and positively needed 
should be omitted or postponed. 

4. That the choice of pavement or road surfacing whose 
durability and ease of maintenance has not been ascertained 
in practice, be avoided if possible. 

5. That unnecessary experiments be avoided. 

40. Permanency of Investment. — The cost of earthwork, 
drainage, and foundation should be considered as permanent; 
the cost of road surfacing falls into a second or temporary 
class; while a third class embraces the money required annually 
for maintenance. 

This shows plainly that there should be no hesitation in 
spending money judiciously and when needed for earthwork, 
under-drainage, and ditches; for well-designed, well-built 
concrete bridges and culverts; and for good appropriate foun- 
dations for structures. All money so expended adds value to 
the country, and prepares roads for their ultimata ^wxt-a^osL^ 
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This kind of work well planned and well done lasts a very long 
time and requires little money annually for maintenance, but 
for instance it is a waste of money to use costly wearing coats 
on a substructure not well drained. 

41. Road Locations. — A common fault of present earth 
roads is that they were never really located or laid out, but just 
happened. Designation by statute of the section lines often 
makes matters still worse, this sometinies being about the 
worst location the country afifords. Grades are often unneces- 
sarily steep, drainage is poor or lacking, and streams are crossed 
at unfavorable bridge sites. 

It has been shown that a 6o-ft. road on two sides of a section 
occupies 14.55 acres, while a diagonal road has but 10.28 
acres, and saves .58 of a mile in distance. If a man lives four 
miles east and four miles south of his destination, he must 
travel 4.68 miles farther to go by the section lines than by 
diagonal roads. In locating a railroad the topography or "lay 
of the land'' determines its location both with respect to the 
first cost of construction and subsequent cost of operation. 
Highway location should certainly proceed on the same 
principle. 

To largely relocate these roads may be out of the question. 
The present general location must often be maintained because 
of farm improvements. But important betterments can often 
be made by modifying short sections. Thus instead of going 
over a steep hill it is often feasible to go around on an easy 
grade, with little or no added distance, and places difficult to 
drain can often be avoided by a slight detour. As these are 
permanent improvements they should be carefully planned to 
also meet the needs of the future. Should all future users 
be permanently inconvenienced because some landowner is 
slightly inconvenienced by having his farm cut in two pieces 
instead of one? 

Enough has been said to show that matters of grade and 

alinement are usually interwoven with each other. It should 

be a compromise between the most desirable features in either 

case. A well-trained engineer can usually make the com- 

promlse with advantage to all interests concerned. 




This relocation greatly impro\'ed both alignment and grade. Incidentally, i 
saved a bridge or two. 
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42. Locating a New Road. — In locating a new road certain 
principles should govern. First, the origin and terminal 
should be connected by the most direct line; second, the grades 
should be kept as low as possible; third, for economy's sake, 
the line should be so located as to reduce the amount of earth- 
work to a minimum, and similarly to reduce the number and 
size of bridges. 

The factors reqmring departure from a straight line are 
many. In crossing a ridge the lowest point in the summit 
is sought to avoid expensive cutting, or its alternative of steep 
grades; in following a valley, we keep well up on the hillside, 
to avoid bridging branch ravines and small water courses; 
a swamp or pond can frequently be avoided by swinging the 
line, saving the expense of a heavy fill; or a stream may be 
avoided by diverting the line, thus saving the cost of one or 
more bridges, and the damage due to frequent overflows. 

The question of curvature was not of very great importance 
with slowly-moving vehicles, but now, a speed of twenty-five 
miles per hour is common and often exceeded. Whenever 
possible, the engineer should see that no curves of over six 
degrees are planned as a minimum, and as much flatter than 
this as natural conditions will permit. The six-degree curve 
is equivalent to a radius of about 900 ft. In the case of a road 
width of 30 ft., in a deep cut, this gives a ''sight distance" 
of about 350 ft. in which to stop a car, or avoid collision. 
Where topographical conditions make this ''sight distance'' 
impracticable proper signs should be posted to warn the 
traveling public. 

43. Right-of-Way. — Suppose the plans to have been com- 
pleted as to the type and width of road surface. The neces- 
sary "right-of-way" needs next to be considered. In securing 
this the future must be carefully weighed, as the road is not 
being built for a few years, but for all time. 

There is a difference of opinion as to the proper width to 
be taken over. It should not be less than twenty-five feet, as 
this would only be adequate for a small branch road, never hav- 
ing much traffic. On roads of much importance, it should not 
be less than fifty feet, and the main roads should have. ^ \v^c^ 
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of way of seventy-five to one hundred feet, or possibly more in 
special cases. A wide road will dry oflf quicker, as the wind and 
sun have a larger surface to work on. When ample space for a 
wide roadway, generous shoulders and deep gutters is provided, 
all these tend to make a better road than where there is a 
cramping of the roadway, shoulders, and gutters. 

It should be further noted that at the top of hills and in the 
bottom of valleys where cuts up to 15 ft. in depth may even- 
tually come, or fills of a dozen or more feet be made, greater 
width will be needed than elsewhere. For a common 24-ft. 
road at such points the right-of-way should not be less than 
60 ft. 

44. Road Width. — A vital point in road design is its width. 
It is almost axiomatic that the road widths should be in mul- 
tiples of eight, as this is the allowance for each vehicle using the 
road. A road 8 ft. wide might properly be termed a lane, 
merely. Roads next higher in importance should be 16 ft. 
wide so two vehicles may have sufl&cient width in which to 
pass. 

Twenty-four ft. permits two vehicles passing while the 
third was standing along the side of the road, — or two loads 
of hay or other bulky material can pass. 

The fourth width, or 32 ft., permits two vehicles to stand 
along the sides and leaves sufficient space for two other vehicles 
to pass each other safely. These widths refer to the traveled 
carriage-way alone, no allowance being made for the accom- 
modation of pedestrians, nor for any drainage structures. 

For a roadway of sufficient width to accommodate a large 
volume of travel passing in both directions, 24 ft. may well be 
taken as the minimum allowable, and a prospect of an immedi- 
ate increase of traffic calls for proper additional width, to be 
provided for in the original design. A road of generous width 
should be more easily maintained, since the traffic may then 
be distributed over a greater area. 

46. Grades: Definitions. — "Grading'' is the phrase used 

to designate the work of building the foundation of a road, 

and moving such earth, rock, or performing other operations 

as this may require. " Grade" means the slope taken length- 
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wise of the road, as we look along it. It is usually expressed as 
a percentage, or the number of feet rise or fall in one hundred 
feet horizontally. Thus a 2 per cent grade means that we go 
up or go down 2 ft. in going 100 ft., or 2 yards in 100 yards, etc. 
The determination of the grades to be used and therefore the 
amount of grading to be done in improving any highway will 
depend largely upon the amount and nature of the travel, 
and the topographical conditions of the country traversed. 
Excessive grades increase the cost of transportation and also 
add a heavy burden to maintenance. Hence it will frequently 
be advantageous to lengthen a road to eliminate an excessive 
grade. 

Since no greater load goes over a highway than is moved 
over the maximum grade, it is well to investigate and decide 
between what local points the greatest amount of travel exists. 
Upon the heaviest grades between such points we should 
then determine the equitable distribution of such money as is 
available for lessening grades. It is generally best to expend 
most of the money available in reducing the maximum grade 
and as little as is consistent with general conditions upon the 
lesser grades. 

46. Effect of Grade. — Ideal Conditions, If a road has a 
perfectly smooth and hard surface, it is usually considered 
that an average work horse can pull a load of about 6200 lbs. 
on the level. A 3 per cent grade takes 2^ times as much work, 
or for one horse cuts the load to about 2500 lbs. A 5 per cent 
grade takes 3^ times as much work as on the level, or cuts the 
load to 1800 lbs. An 8 per cent grade takes 5 times as much 
work and cuts the load to practically 1200 lbs., while for a 
10 per cent grade it takes 6 times the work, and lessens the 
load to practically 1000 lbs.* But note that these figures are 
for a hard and smooth surface, — a condition never met on 
country roads. 

47. Comparing Grades and Alinement. — Steep grades 
should be eliminated wherever possible, even if length must 
be added to the highway. In stud3dng the relation of grade 
to distance, it can be shown that it would require as much 
energy to lift i ton i foot vertically, as to move one tonhomaj^- 
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tally along a road surface — which ofiFers loo lbs. of tractive 
resistance, — a distance of 20 ft. Theoretically, but not al- 
together practically, to save i foot of height the road may be 
lengthened 20 ft. without requiring any additional work in 
moving loads over it. 

Unnecessary detours and heavy grades absorb the energy of 
engine or team, which is thus a dead loss to the conmiimity. 
If a road is straight with as light a grade as possible, the time 
and labor expended in traveling over it is then a minimum. But 
in a hilly country a road cannot well be straight and have a 
light grade at the same time. In such cases the sacrifice of 
straightness or grade should depend upon the predominant 
nature of the travel. Where horse-drawn vehicles predominate, 
the demand is for easy grades in preference to straight roads; 
where motor-vehicles predominate, the reduction of grades 
should give way to improvements of alinement, for the auto- 
mobile has brought into highway work an additional require- 
ment of safety in travel. They require the roads to have 
long easy curves which tend toward reducing damage to life 
and property. If the direct line, or location, also permits the 
engineer to eliminate unfavorable grades and obtain the 
required drainage it is the most economical. 

48. Grades on Earth Roads. — For a good earth road, the 
load per horse on a 5 per cent grade becomes 1500 lbs. and 
for 10 per cent grade 930 lbs. But if such a road is only fair, 
the 5 per cent load falls to 900, and the 10 per cent to 660. If 
dry sand forms the road surface the figures are taken as being 
about 700 and 400 lbs., respectively. Comment is unnecessary 
on the meaning of these figures to the farmer. 

It is suggested that at this point the student should measure 
the rates of grade on the hills or steep places in his vicinity 
and over which he hauls loads, and that he also observe the 
weight of loads he usually hauls over them to test the figures 
given. It will be seen, however, that a healthy and vigorous 
horse can take a spurt of effort and pull much more for a brief 
time than he can continue to do. This shows that the length 
of the grade will also greatly affect the maximum loads that 
can be 222oved over it by horses. The same may also be true 
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if a steam traction engine is used, since its steam-making 
capacity may be overtaxed before the end of a long steep grade 
is reached with a heavy load. 

49. Measuring Rate of Grade. — Knowledge of the exact 
rate of grade involved is essential to any intelligent discussion 
of road work. It is very easy to find out the grade of an 
existing road, as follows: 

Take an ordinary carpenter's level and fasten it in any convenient manner 
across or perpendicular to the top of a strip of board, or stidc, in such a way that 
the top edge of the level is just 5 ft. from the other end of the stick. Now take 
this improvised leveling instrument to the hill whose grade is to be measured and 
stand in the road, facing up-hill. Put the end of your level-stick on the ground. 
Now center the level bubble and sight along the top of the level and mark the spot 
where your line of sight strikes the road in front of you. If this point is 100 ft. 
away, the road has a 5 per cent grade. 

Similarily, if you had a 6-ft. mark on your level-stick, had placed the level 
at that point, sighted to the road in front of you, and found that your line of sight 
struck 100 ft. ahead, it would then be a 6 per cent grade. Or if the level were 
set at 4 ft. and it was found that the ground fell 4 ft. in 100 ft., that would be a 
4 i>er cent grade. 

The 5-ft. level-stick is the one most commonly used by engineers. Using it, 
if the sight strikes the road at 50 ft. it is then a 10 per cent gtade; if at 40 ft., it 
is a 12^ p>er cent grade; if in 80 ft., it is a 6 per cent grade. With this explanation 
the student road-builder should be able to measure any other grade which he may 
be interested in. 

He should also be able to determine quite closely the depth of cutting or filling 
necessary in a given case to lessen an existing grade to any desired amount. Thus 
suppose we have a 9 per cent grade 200 ft. long and want to make it a 5 per. cent 
grade. It is clear that the 9 per cent grade falls 18 ft. in going 200 ft. while the 5 
per cent grade gives a drop of only 10 ft. in the same distance. Hence if we cut 
4 ft. at the top of the grade and build up 4 ft. at the bottom, the 9 per cent has be- 
come a grade of 5 per cent, with the advantages already noted. How to find out 
what such an improvement would actually cost will be shown later. 

61. Relative Values. — The relative value of alinement, 
grades, drainage, and cost depends upon the importance and 
class of the road. In weighing these factors we may classify 
roads as: 

First: State and thru roads, constructed in sparsely settled 
or mountainous districts, and roads connecting the important 
trade centers of the State. The term trade centers should in- 
clude not only the cities and towns but also the country 
tributary to them. 

Second: County trunk roads, or the main highways in the 
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thickly settled districts, including the main arterial roads lead- 
ing into the country districts. 

Third: County feeders or branch roads. (Township roads.) 
As a rule, the State and thru roads are for light freight and tour- 
ist travel. The trunk roads carry both heavy freight and pleas- 
ure travel. The feeders are ordinarily freight roads with the 
heaviest loads usually being hauled towards the trunk system. 

In making this classification the engineer must at all times 
consider the future possibilities of the country, and locate 
with them in view. While he usually constructs narrow dirt 
roads only, it is economy to get the permanent right-of-way 
and establish permanent grades with the first movement. The 
value of a unit of distance is hard to calculate, as the amount 
and class of traffic is so variable. 

62. Alinement. — To arrive at the best alinement we must 
study the topography and attempt to strike an economic balance 
by weighing the value of distance and grades against cost of 
construction plus right-of-way and maintenance. Often the 
alinement has been fixed by topographical or other conditions 
before these questions have been considered. Thus in a large 
part of Oklahoma the existing roads commonly follow section 
lines. The ideal location would cut thru the fields and divide 
them into irregular pieces. When these roads are improved the 
locating engineer may have to overcome a strong local preju- 
dice. Nevertheless the community can well afiFord to pay 
the land-owner a good price for the sake of getting the road 
into the right place, for $500 spent to secure a good right-of-way 
may save $5000 in construction, besides getting a cheaper road 
to maintain and to haul loads over. 

53. Ruling Grade. — The selection of a maximum or "rul- 
ing" grade is of prime importance both in location and re- 
location. While numerous experiments have been made 
and theoretical tables of grades compiled, yet the actual traffic 
conditions, the topography of the coimtry, and the money 
available will practically govern the selection of ruling grades. 

If the country is comparatively level, it will be easy to 

construct a road with enough grade to drain well, but not 

suficient to greatly oppose traffic. Moderate cutting and 
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filling will generally nearly balance each other and uses the 
material from cuts to raise low sections. However, the engi- 
neer should carefully estimate such quantities, and determine 
the most advantageous hauls, as this will materially affect the 
earth-work cost in building the sub-grade, regardless of the 
type of road that will be built. 

The maximum grade is often fixed at 10 per cent, both for 
state roads and other permanent highways. It is common 
practice to work for 5 per cent, as the ruling grade everywhere; 
but the maximum may sometimes, in hilly or mountainous 
country, be called for. Before choosing the ruling grade the 
engineer should study the topography of the country and the rul- 
ing grade on the existing roads, between his location and the 
trade center. It will be useless to expend any considerable 
sum of money in reducing a certain grade, when a heavier 
grade exists or will be necessary in reaching the terminal. The 
ruUng grade may, however, be increased as we get further from 
the trade centers. 

On roads that are to remain in the first and third classes a 
ruling grade of 10 per cent is permissible; such roads as are or 
will come under the second class should have an 8 per cent 
grade, and where possible a 5 per cent ruling grade. In 
general large sums should not be spent to reduce a 5 per cent 
grade. Density of traffic should be the governing factor. 

64. Drainage. — Of alinement, grades, and drainage of 
a road, drainage is often found to be the most important and 
is given first place in the distribution of the funds available 
for the work. Without proper drainage, any improvement in 
alinement, grade, or character of surface will fail to secure a 
permanent result. A much more extended consideration of 
this topic will be given in Chapter V. 

55. Grade Economics. — Since few roads are level, and 
country of all degrees of steepness requires roads, it is evident 
that grades must be given a broad consideration. A vast 
amount has been written on this subject, much of it too 
technical, to be of benefit here. A hasty glance, however, 
brings out several questions of importance, to which the 
student's attention is directed. 
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1. What will be the present and future traffic demands 
upon the proposed improvement? This involves (a) Possible 
future developments in that territory from an industrial, 
agricultural, educational and social standpoint; and (6) the 
effect this road will have upon the general system of which it 
forms a part. 

2. What type of traffic will use the road, and, allowing for 
development, what is its probable tonnage? 

3. In which direction will the most tonnage move, and with 
what relation to market-periods? The aim is to give favorable 
grades, if possible, to that direction carrying the bulk of the 
traffic. 

4. What differences in class of material and cost of con- 
struction where an easier grade and longer distance is compared 
with a steeper grade and shorter distance? 

This brings out the point that the cost of roads on steep 
grades increases very rapidly with the increase of steepness of 
the grade because of the added cost of maintenance. It is 
estimated that, roughly speaking, the destructive effect of vio- 
lent rains is four times as great on a 5 per cent grade as upon 
level ground, and nine times as severe upon a 10 per cent 
grade as upon level ground. Thus the cost of upkeep alone 
would in a very few years justify the cost of eliminating bad 
grades. 

This also shows that the disposition of drainage is a most 
vital factor in the choice of maximum grades, because the 
steeper grades increase the velocity of the water, demand more 
skill in handling it, and if it is kept on the road will soon de- 
stroy it. 

5. The safe descent of grades requires as much study as 
their ascent. They should be no steeper than a horse can 
safely descend at a trot. "Safety First." 

6. With grade problems are coupled those of curvature or 
alinement, since often the steepest grades will have bad 
curves. Motor traffic requirements are becoming more and 
more exacting. A heavy grade with clear vision (see § 42) may 
be less dangerous than an easy grade with sharp curves and 

obstructed vision. Extended observation has shown that 
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grades in excess of 5 or 6 per cent are not satisfactory or 
economical for motor traffic, owing to the increased hazard, in- 
creased consumption of gasolene, and loss of power thru steep- 
ness. In frozen or icy weather motor traffic is extremely 
hazardous on grades exceeding 10 per cent and entirely unsafe 
on grades exceeding 16 per cent. 

On the other hand, a stretch of 10 per cent grade does not 
reduce the value of the road as tho it were 10 per cent for its 
entire length, tho the simile of the chain and its weakest link is 
often applied. This is because a horse can for short distances, 
and for a short period, pull from two to four times as much as 
he can do continuously. 

7. What effect does a difference in surfacing material make 
upon the power needed to haul a given load up a grade? Con- 
siderable experimenting has been done on this point. For a 
motor-truck it has been proved that the surface material had 
more effect than the grade, and that it took substantiaUy the 
same power to haul up a i per cent grade in sand and loose 
stone as it took to haul the same load up a 27 per cent grade on 
concrete, asphalt, brick, or first-class macadam. 

The U. S. Office of Public Roads, with a device called a 
dynamometer, has shown that as between clay and gravel on 
a 9 J per cent grade, the saving of power is 24.2 per cent in 
favor of the gravel; that on a 5 per cent grade with sand, and 
thien on sand-clay, of the same slope, the saving was 32 per 
cent; and the advantage of gravel over black dirt, all grades, 
average saving was 35.6 per cent. The dynamometer also 
showed that the traction thru loose sand was so heavy that a 
15 per cent grade is required to double the level-grade draft 
upon it; while with stone-pavement a 2 per cent grade doubled 
the draft over the level-draft on same pavement. 

56. Highway Engineering. — All the foregoing discussion 
goes to show that a vitally essential factor in the construction 
of country roads, if the greatest value is to be secured for the 
money expended, is competent engineering, i. e., the application 
of specialized knowledge, study, and observation to road- 
problems. The community, which, by reason of a false notion 
of saving money, employs an incompetent engineer invariably 
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finds in the long run, that the economy is very expensive, thru 
unnecessary amounts of money spent, and inadequate con- 
struction designed and carried out. The best services obtain- 
ble are always the cheapest in the end. Notice the remarks 
of the Gk)vernor of Georgia to his County Commissioners: 

" Engineering supervision of road construction is absolutely necessary and this 
statement is proven every day, positively and negatively, in this State of Georgia. 

" Let me say to you who are conmiissioned to spend the people's money, if you 
are in doubt as to the advisability of employing an engineer, observe closely the 
roads of a county built without an engineer and then those of another built by a 
man skilled in highway engineering. Don't employ a man whose only qualifica- 
tion is that he is cheap. His salary will be small but his mistakes will be many 
and expensive." 



CHAPTER II 
ROAD ECONOMICS 

In its broadest meaning, the underlying idea of this chapter ii to romimro 
cost of road work with service rendered. In homely language, " U ihr pub- 
lic getting what it is paying for, either in kind or quantity of ncrvkti ? " 
If it is not, we shall doubtless find that it is because one or more etiommk 
principles are being violated. As their truthfulncM ho nearly declarer \inc\t 
to a thoughtful person, the principles here stated arc calkd tmUmaiU'. 
This is also the reason why the treatment can l>e so brief, and yet mt 
profitable. 

A comprehensive discussion of road-building extend)^ In 
numerous important directions. Yet our comprehcnnUm (A 
the subject will be narrow and unsatisfactory utiUim we 
attempt to pursue each branch to its logical conclusion^ ami 
then to tie together and correlate the conclusions rtu\us4\. 
This suggests what is meant by the phrase ^'rr^ eijjtumiUM/* 
Mr. J. E. Pennybacker is Chief of Rc^ Yjam(mu:% of the V. S/ 
Office of Public Roads, and has discussed this sul^ject in part^ 
as follows: 

67. — Road economics is that hrzndi of study which tr^^s 
of the cosi and use d a road as a public uiiHty. The^ are 
the det eLuiiiiiii g izdc^^ as to the amotint #>f iwjrtey U/ \ft 
spaAy how it k to be obtained^ hffm txtht^Hh irt4^/it4ft^^^ 
incmxed. the locatioQ ot the imprr>veirierit, it^ ^i>ar^.ter^ 
economy in managht^ the project, ^aA the utSSz^Ui^jf^ ^A h U^ 
the ecDooiDk: bexiedt rA vzjt pcbSc. 

Tie sobject loekaZy iaL§ two ^fhiorx^: TEe ir^, <i%i^ witfc 
those \xr^asr Kpess^jss ot jto^itirjsi^ Isuoiee. ^0^^^am;:^it0k^ 
food ciasaicazkiii cc jeiecdr>cL. asr: tHe m^uu^jgiKesit o^ tki^ 

Ike maud ^Skaui. ^ SLCSt on^^taat fe»it ^ iitM^^p^viiC 
of cmMBT awl ftfrrif^rj. as k^ rdias^ t<v ^ ai^jukl ipsdt i)i# 
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the intelligent use of labor-saving machinery; the keeping of 
adequate and efficient cost records so as to detect extravagance, 
incompetency, or dishonesty; the systematic and economical 
purchase of materials, and the use of any other measures what- 
soever which would serve to produce the most satisfactory road 
at the lowest practicable outlay. (It thus appears that this 
whole text might well be termed a book on *'Road Economics." 
The purpose of the present chapter is merely to re-state and 
recapitulate in brief form the essence of what is given a more 
extended treatment elsewhere.) 

Legislation, to be efiFective, must be economically sound and 
correct, and the intelligent framing of road laws requires that 
the economic considerations applicable to the subject should 
be known and accepted by the legislators. Yet the effect 
of legislation will to a great extent depend upon the personal 
equation of those who are to carry out its requirements. This 
is illustrated by the extent of or failure to utilize such collateral 
agencies of the State, as convict labor, and the State schools 
for investigative and educational work. 

58. — There are ten axiomatic propositions of road econom- 
ics, which may be presented and then briefly explained, as 
follows: 

1. That all who share in the benefits of road improvement 
should share proportionately in the burdens. 

2. That the degree of improvement should be proportionate 
to the traffic importance of the road improved. 

3. That the rate of payment or the rate of accumulation of 
the sinking fund on any public debt contracted for road im- 
provement should approximately equal the rate of deterioration 
of the improvement. 

4. That road building and maintenance comprise work 
requiring special qualifications on the part of those who direct it. 

5. That responsibilities should be definite as to persons. 

6. That continuous employment is more conducive to effi- 
cient service than intermittent and temporary employment. 

7. That the specialists who direct road work should be 
appointed instead of elected; and that they should hold office 

during e&dency instead of for a fixed term. 
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8. That no road is wholly permanent and that it requires 
continuous upkeep, for which financial and supervisory 
provisions must be made. 

9. That cash is a much more satisfactory form of tax than 
is labor. 

10. That all agencies at the disposal of the State, capable 
of use in works of public improvement, should be so used, rather 
than in such commercial production as would conflict with 
private enterprise. 

69. — Under the first proposition, note that the country 
road is no longer a mere local utility. Farm-products are 
essential to the city's existence; the city factory product 
finds its way to the most remote country districts. This inter- 
dependence impUes sharing the burden of improving transporta- 
tion facilities between them. Legislation should, therefore, 
provide for city taxation in aid of country road improvement, 
and automobile owners should contribute individually to the 
cost of our public roads. 

The second proposition calls for the improvement of roads 
in proportion to their traffic importance. Too often costly 
improvements are distributed according to the dictates of a 
few influential citizens, or otherwise disposed of thru a cheerful, 
hap-hazard, and unintelligent indifference. The most heavily 
traveled roads should receive first attention and should be 
improved in a most substantial manner. It is comparatively 
easy to study a county road system and ascertain the traffic 
areas for each important road, much as one would show drain- 
age areas for water-ways. The probable traffic in ton-miles 
for these traffic areas can be determined so as to establish with 
reasonable exactness the amount of outlay which the traffic 
would justify. This could be done at a cost nearly negligible, 
as compared to the cost of construction. 

The third proposition, that debts should be paid off in pro- 
portion to the deterioration of the road, prevents incurring a 
debt outliving the utility it was designed to create. A road 
location, if intelligently made, should be permanent, and so 
likewise are all reduction of grades. Drainage features, if 
honestly and efficiently constructed, should be reasonably 
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permanent, and so is the foundation of the road if given ade- 
quate maintenance. (These factors are treated at considerable 
length elsewhere. See § 40.) 

The fourth proposition which calls for the employment of 
specialists in road work is so nearly self-evident as to require 
little explanation. If the laws of a State require all persons 
selected to have immediate direction of road and bridge con- 
struction and maintenance to possess practical knowledge and 
experience, and if this fitness be tested by some sort of a com- 
petitive examination prescribed by an intelligent State Highway 
Department, or a civil service commission, the net result would 
undoubtedly be the saving of many millions of dollars of 
road revenues, and a wonderfully increased efficiency in our 
road system. 

The fifth proposition, that responsibility should be definite 
as to persons, is aimed at the elimination of our present com- 
plex and cumbersome system of road management. If all 
this antiquated organization could be swept aside, and in its 
stead a new one with a few officials, endowed with authority 
and charged with responsibility, be created in each county, 
the beneficial efiFects would be most marked. 

The sixth proposition is that continuous employment is 
more conducive to efficiency than temporary employment. A 
small force, easily moved, well trained, interested, subject to 
an effective discipline, would be infinitely more efficient than 
the unwieldy, careless, and non-trained forces now employed. 

The seventh proposition, which calls for appointment rather 
than election, and for holding office during efficiency instead 
of for fixed terms, is designed to attract to the work men who 
look upon road-building as a life occupation or profession. A 
good engineer may be a very poor politician, and vice versa. 
A good highway engineer should not be spoiled by making him 
cater to popular fancy and whims. If he is the right man in the 
right place, it is absurd to limit him to a fixed term, any more 
than with a railroad employee, for example. His job is not a 
political reward. The county is buying his services and 
should get value received, and should continue to do so as long 
as he delivers the goods. 
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The eighth proposition, that no road is wholly permanent 
and that it requires continuous upkeep, is intended to impress 
upon legislative and administrative officials the necessity for 
making adequate financial provision to care for roads, no matter 
how well they are built. 

The ninth proposition, that cash is a much more satisfactory 
form of tax than labor is put forth as a protest against that 
cherished heirloom known as "statute labor." If you provide 
an efficient highway engineer or county superintendent with 
a modest amount of cash, and let him select competent, efficient 
laborers, he can quadruple the effective results obtained by 
the same number of laborers under the old statute labor system. 

The tenth proposition is that all possible State agencies should 
be used on works of public improvement instead of in com- 
mercial competition with non-State undertakings. This means 
the employment of convicts on road work, wherever possible, 
to the end that by their service they may discharge in part 
the debt they owe society. 

This proposition also emphasizes the need for correlation 
of the State's various agencies for road work. Thus, a State 
Geologist should be helpful in the selection and location of 
road materials which the State affords. The laboratories at 
State Universities should be useful in testing materials; the 
university staff should be able to give theoretical training and 
instruction, and practical extension work; the state bureau of 
statistics and agriculture should help accumulate data useful 
in road work; and state civil service commissions would 
assist in inaugurating and conducting the merit system in 
filling positions requiring technical or practical experience and 
qualifications. 

60. Logic and Sequence in Construction. — There is no 
method of road construction so good that there is not something 
almost as good and a little cheaper. Also the best which has 
been devised is still subject to improvement. There is a fairly 
well-graduated sequence between the poorest and best road 
construction, and that road is best for a given community 
which shows the most nearly perfect ratio between cost and 
value. Much energy is thus wasted in converting those who 
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can think only in terms of one tjrpe of improvement, irrespective 
of the local conditions. Adaptation is needful. 

But the conditions and logic may change. As the feeders 
of any trunk line are improved, its value and utility is also 
increased. In ten years, the traffic-capacity of a given im- 
provement may be entirely outgrown. Thus while it is unwise 
to construct macadam or a hard-surfaced road before the traffic 
warrants the expenditure, it is equally unwise to continue 
patching-up earth roads after the traffic has become larger 
than they can economically stand. 

The wise construction is that which is ample for the present 
and immediate future, at the same time providing a suitable 
foundation for future improvements. A well-built earth road 
is but the necessary foundation for gravel or macadam; a worn- 
out macadam is a good foundation for concrete, and at last the 
concrete, should traffic demand it will serve as a suitable base 
for brick or asphalt. 



CHAPTER III 
ROAD ADMINISTRATION 

To forward intelligently and economically a work so widespread as build- 
ing roads an elBfective organization is plainly needed. The workers will be 
many, and the distances separating them such that direct supervision is 
difficult or impossible. The largest unit of organization is at present 
the State. A candid survey of results obtained abundantly justifies 
State Control of road work. 

State Highway Commissions justify their existence only to the extent to 
which they educate the State's road-workers in effective and intelligent 
methods, and educate the public to a rational degree of support and co- 
operation. They are confronted with many problems of supervision and 
administration, solvable to the extent that the voters have given, or have 
withheld from them adequate and reasonable powers to carry out the pur- 
pose for which the Commission was created. We are bound to conclude that 
a well- trained organization for road work is indispensable, that the " spoils 
system " is out of place here as elsewhere in the public service, and that 
app>ointment and not election of officials solves a fundamental difficulty 
in advancing the art of building good roads. 

This chapter seeks to indicate the relation and imjwrtance of all these 
factors to the main aim, the best roads for the least money, and concludes 
with the opinions of leading experts on road administration. 

61. Past Practice. — Counties and townships in most 
States have voted large amounts for road purposes, the ex- 
penditure of which has not usually been under competent 
direction. With no provision for proper maintenance large 
sums were (and are) wasted and thrown away each year. 
Because of inadequacy of road laws little effort has been made 
by local officials to embody in the road improvement plans 
anything leading to the ultimate perfection of a State and 
county system of connected thorofares. 

62. Effective Organization Needed. — In the rural dis- 
tricts, when State aid or State supervision is discussed, it is 
often thought this means eliminating all local control of high- 
way construction and taking away from the voters the right of 
saying where and when their taxes shall be expended. This is 
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entirely wrong, since efficiency alone is sought. Everywhere 
the present tendency of highway law is to enlarge the unit of ad- 
ministration, and it is foolish to contend that the creation of 
an active State Highway Department means taking tKe con- 
trol of road-building away from the people. In the first place, 
the State Aid or State Control roads are never likely to con- 
stitute more than a fifth of the total mileage and the balance 
will be locally administered. And, second, no Commission 
anywhere aims at anything more than to guarantee that all 
money put on the roads shall be most judiciously and effec- 
tively expended. Nor should we fail to observe that even with 
an active Commission there must be close co-operation between 
township, county, and State road officials if efficient service 
and economy is to be expected. 

It is an echo from barbarism to demand that every function 
of government be carried out entirely by personal acquaint- 
ances. Civilization advances by increasing the range of social, 
commercial, and political relations. The school district yields 
to the township, the township to the county, and the county 
to the best interests of the State, while it has turned over to 
the general government many functions a hundred years ago 
jealously guarded as sacred rights. 

63. What Has State Control Yielded? — A. N. Johnson, 
a leading expert, formerly Chief Highway Engineer for Illi- 
nois, sums up the results of State control of road work 
thus: 

" It has yielded the development of a system of main highways 
adapted to modern motor freight traffic which promises great 
economic changes in both rural and urban life. It has in- 
creased the efficiency of local road officials in spending local 
taxes by preventing useless undertakings, by suggesting eco- 
nomic forms of construction, and increasing the economic 
service of the highways by concentrating expenditures on im- 
portant roads and preventing waste on unimportant ones. 
It has been the medium of preventing numerous accidents 
and fatalities by constructing safe bridges, and the elimination 
or treatment of railroad grade crossings to greatly lessen the 
danger from them. And experience has demonstrated that 
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these ends are accomplished by State control of road work and 
only by such control.'' 

64. Without a Commission. — The following summary 
sets forth lack of system: 

1. Improper construction of roads. 

2. Rapid deterioration of roads tho well constructed, due 
solely to the lack of proper supervision or maintenance. 

3. No standardization of road construction and maintenance. 

4. Dissatisfaction among people who pay for the roads. 

5. A general dissatisfaction with engineers due to failure 
of local authorities to take care of the roads properly built by 
them. 

An effective State Commission will: 

1. Provide proper supervision for building and maintaining 
public roads. 

2. Eventually give the State and counties an adequate 
S3rstem of highways. 

3. Standardize road construction thruout the State. 

4. Enlighten local officials toward bettering road conditions. 

5. Perform engineering services for the counties. 

6. Eventually save to the farmers a large part of the cost 
of hauling their products to market. 

66. State Commission Methods. — With or without a classi- 
fication of roads there are three ways in which the State can 
assist the counties and townships in developing improved 
highways. 

Firsty by furnishing expert advice without having any 
authority whatever. This is the system formerly in vogue 
in Oklahoma, but substantially modified by the 191 5 Road 
Law. 

Secondy by giving to the State Highway Commission and 
its engineering forces certain supervisory powers and authority 
to enforce its standards and rulings. 

Third, by furnishing the Commission with funds and per- 
mitting it to go into partnership with the counties in building 
highways and bridges. 

The third plan has been successfully followed in Wisconsin, 
Minnesota, and various other States. Iowa is a good example 
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of the second. Either plan does not antagonize the local 
authorities, but causes them to seek the aid and advice of 
the State Commission and brings about a most cordial relation 
between them. It also eliminates the chances of graft and 
corruption by making the plans, specifications and contracts 
subject to the inspection, review and approval of both the 
county and State authorities, thus guarding against the evils 
of ignorance or recklessness. 

Under such a partnership arrangement the Highway Com- 
mission can show that it is a money saver. If it does not 
demonstrate that funds spent by it secure more for the money, 
there would be no possible excuse for its existence. It is simply 
a question of using the State government to the advantage of 
the various communities. If any one thing in the development 
of a national road system has been proven to be a success, it 
is the non-partisan State Highway Commission. 

65a. Educational Field for Highway Departments. — The 
educational work to be carried on falls naturally into three 
groups: 

First, training employees of the Highway Department. 
In cases where only a small headquarters stajBf is provided, 
much can be done to so direct and train them as to secure the 
greatest possible effectiveness from their labors. 

But where the Department, in turn, is given direct super- 
vision of County or Road District officials, general meetings, or 
institutes of road engineers and superintendents are invaluable. 
At such gatherings individual problems where information 
and assistance is required are brought up and disposed of, the 
discussion and interchange of ideas always resulting in greater 
interest and enthusiasm, as well as in securing direct informa- 
tion. The Department's standards, aims, and larger policies 
can then be explained, and active co-operation and support 
secured to a degree not otherwise obtainable. 

Where, also, the Department has the opportunity to apply 

Civil Service methods towards engineering employees, there is 

always abundant outlet for its educational activities in training 

young engineer graduates who look toward road-building as 

a life work. This may mean either putting them into positions 
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where they will progressively acquire experience of a varied 
sort, or engaging in more formal educational work with them, 
as by correspondence methods, for example. There seems to 
be an important but hitherto neglected field here, in which 
State Highway Departments might, separately or in co-opera- 
tion, prepare compact manuals of standard practice, showing 
the elements, or even elaborate developments of sound highway 
engineering, and then require those of their employees, not 
otherwise proficient, to take stated lessons and examinations 
therein. This is the method employed by the Bureau of Militia 
Affairs of the U. S. War Department, to secure technical pro- 
ficiency among the militia officers of the National Guard. 
Its results there have been excellent and far-reaching. 

The second group of people with whom State Departments 
can do great good in an educational way are elected road 
officials, especially those of a minor grade. Unfortunately, 
these are too often of Kmited education, or limited enthusiasm 
for new ideas, hence the work must be co-operative, tactful, 
and persistent, as these are usually a continually changing 
body. The methods already suggested can doubtless be 
modified to be extremely helpful in this field. 

The third group is largest in number, and doubtless so in 
influence. It embraces the general pubUc, including the tax- 
payer and the regular users of the roads. Here, education 
means information. No group of public officials can work 
effectively for the interests of a great number of people, espe- 
cially if their opportunity for doing so rests upon the support 
and assistance of the public, unless, in turn, that public is well 
informed and in touch with just what the officials are trying 
to do, how they expect to accomplish it, and what has actually 
been done to benefit them. This is pre-eminently the case 
with a State Highway Department. 

It follows that their bureau of information should always 
be open and always active in its work. Several Departments 
have begun to issue a periodical of some sort, often designated 
a "Service Bulletin," with this aim chiefly in view. With this 
others have co-ordinated illustrated lectures, demonstrations, 
and newspaper publicity. The aim is always the same^ — 
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not self-glorification in those doing the work, but a seeking 
after the opportunity to render still greater and greater services 
to tax-payers, — an opportunity more likely to be granted 
when they are well informed as to existing conditions. 

In conclusion, it may be said that in a broad sense the real 
and only purpose and work of a State Highway Department is 
the educational one to be carried out in every branch of highway 
work. The more candidly the facts are examined, the more 
forcibly is this truth borne home upon the observer. 

66. Iowa Organization. — As a concrete illustration of what 
a long-continued fight for progressive legislation may accom- 
plish, Iowa, since 19 13, may be taken for profitable study. 
The outstanding facts are that she is getting "value received" 
on her ordinary road and bridge taxes, tho she does not as yet 
appropriate any money for "State Aid'' roads. This is 
accomplished by giving certain broad and comprehensive 
powers to the State Highway Commission, and equally definite 
ones to county officers. She then classifies the roads and 
puts certain definite obligations upon township trustees; 
appoints, not elects, technical officers, and puts the whole 
of them under bond which may be forfeited if the work is 
accepted or paid for when it has not been done correctly, and 
according to the best knowledge and experience of the central 
authority, i. e., the State Commission. After a relatively 
brief period of operation the results achieved cause the oppo- 
nents to such legislation to come out warmly in praise of it. 

Let us examine the main features of the Iowa Code, beginning 
at the bottom. Many now advocate the abolishment of the 
township unit for road work. Much can be said in justification 
of such a measure. Iowa has shown that good results can be 
obtained with it provided reasonable supervision and assistance 
from the next higher road organization be provided. A prin- 
cipal duty of the township trustees is to appoint a Township 
Road Superintendent, "who shall have general supervision of all 
dragging and road repair work in the township road system." 
He alone is held responsible for thoro and efficient work on 
the township roads, and is "required to certify all bills for 
dmgging, maintenance or repair work before warrants can be 
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drawn against the funds of the township system." Misfeasance 
in this respect makes him Kable upon his bond. 

Another chief duty is for them to levy taxes for the township 
roads, the amount being specified as not more than four mills 
for repair and maintenance, and one mill for a non-divertible 
dragging fimd. Not less than 85 per cent nor more than 90 
per cent of all the rural roads are by law made "Township 
Roads," the balance being "County Roads" to which town- 
ship roads may be added by a specified procedure. It will be 
seen, therefore, that the Township Road Superintendent is 
respyonsible on his bond to his Trustees for repair work, dragging, 
f and maintenance only, but permanent construction of any 
sort must be done under supervision of the County or District 
Engineer, who in turn is subject to the direct supervision of 
the State Highway Commission. 

67. The County Commissioners have likewise well-defined 
and extremely important duties to perform. First they must 
appoint a County Engineer, subject to whatever qualifications 
they see fit to impose. A distinct improvement would seem 
to be possible here, in that the State Commission might ad- 
visedly specify minimum educational or professional require- 
ments for such an officer, and often it would be a great 
advantage to consolidate two or more counties for these 
pturposes, thus making him a District rather than a County 
Engineer. He is required to make the plans and specifications 
for all permanent work, under the dual supervision of the 
County and State Commissioners, and also to audit bills in 
payment for same before warrants can be drawn. Should 
he attach his certificate to work not in accordance with the 
official plans and specifications, he too becomes liable for that 
amount upon his bond. Needless to say, the financial re- 
sponsibility under such a plan is complete, and of complete 
record, always accessible, so that no misapplication of tax 
funds is possible, or can be covered up. 

The County Commissioners have exclusive jurisdiction over 
the county roads, already alluded to, and which are desig- 
nated by them, in conjunction with the State Commission, 
and they also build the bridges and culverts for the township 
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roads. There is a perfectly clear line between the two classes 
of roads, however, so that the townships can always be assured 
that the money they raise will be spent on their own local roads 
and not be diverted. 

68. — Before the County Board can proceed to erect a 
culvert or bridge, which according to the engineer's estimate 
will cost over $300, a resolution of necessity must be adopted, 
and a hearing set when the full particulars of the proposed 
construction must be set forth. This plan is intended to pre- 
vent construction of expensive bridges at places where they are 
not really necessary or wanted by the tax-payers. 

For road and bridge purposes, their county financial plan 
seems to be as follows: eighty-five per cent of the motor- 
vehicle tax; two mills on all property outside incorporated 
towns for general road fund; a "permanent road district" 
tax of two mills, levied under certain conditions; and a millage 
tax for bonded indebtedness; finally there is a maximum levy 
of five mills on all property outside of cities of the first class 
for a county bridge fund. 

69. — Finally, what are the duties of the Iowa State Highway 
Commission? They devise and adopt plans for construction 
and maintenance and furnish them to the counties. They 
inform, advise, and instruct all highway officials in the State, 
and make a public annual report to the Governor. They 
appoint such assistants as are necessary to carry on the work 
of the Commission, define their duties, fix the compensation 
and terminate the employment of such employees in their dis- 
cretion, provide for all necessary fidelity bonds, and fix the 
amount of the same. It is their duty to investigate conditions 
in any county, and to report any violation of duty of road offi- 
cials, whether of omission or commission, to the Attorney Gen- 
eral, who is to take such steps as are by him deemed advisable. 
They must supervise the various township and county officers 
engaged in road and bridge work, approve the County Road 
System, or modifications thereof, approve plans and specifica- 
tions for all permanent road and bridge work, including contracts 
for bridges costing more than $2000, and in co-operation with 

tAe State Auditor prepare and put into ejBfect a imiform system 
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of accounts for road work*in the State whereby the work of the 
Commission is really made effective. They have numerous other 
duties included under the general heads already enumerated. 
The' noteworthy and vital features of this system are that the 
interests of the tax-payer are insured at all important points. 
They get the maximum benefits from an engineering and eco- 
nomic stand-point at the minimum cost. In short, unreason- 
able prices for poor work are made a thing of the past, and a 
uniform. State-wide policy of road improvement is possible, 
wherein every community may have the advantage of the 
best services and skill the State can employ, assuring a high 
standard of work. Under it Iowa is now spending $10,000,000 
a year, with satisfaction. What State does better? 

70. State Commission's Problems. — But if we suppose a 
State Highway Commission with adequate power to be in 
existence, it should not be supposed that it at once can know 
all there is to be known about building the roads of its State. 
It must needs work out special problems as it meets them, 
including many difficult detailed ones of administration and 
design. Here, no other topic is of greater importance than 
bridge and culvert work. 

Former Practice, All investigators of highway bridge and 
culvert work are agreed that the former administration of 
such work thruout the United States has been extremely 
unsatisfactory. Millions of dollars have been wasted. 

There has been a general lack of centralized authority and 
responsibility in the past. The counties, the townships, and 
the cities have had partial and ill-defined authority in con- 
nection with the work. The man having charge usually had 
no training whatever for the work, and with the best of inten- 
tions could not avoid wasting money and failing to secure 
satisfactory structures. 

71. Proper Practice. — In proper highway, bridge, and 
culvert administration probably the first question to be set- 
tled is the proper unit. For small States this may perhaps 
properly be the state, but in the Central West the county is 
undoubtedly the proper unit of administration. The county 
should employ a thoroly competent engineer to have full 
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charge of this work. Definite and coifiplete plans and specifica- 
tions should be placed on file in advance. Competitive bids 
should be secured for all contract work of importance. Con- 
struction should proceed under skilled inspectors. Absolutely 
complete records of cost should be kept. 

All this work should be carried out under the general super- 
vision of a State Highway Commission with real authority. 
Only in this way can the work of one county properly fit the 
others surrounding it, and only under active and competent 
central supervision can such work be carried on efficiently and 
economically. 

72. Contracts 1^5. Day Labor Work. — Another question 
of general administration is whether it is advisable to construct 
all or any part of the highways, culverts, and bridges by day 
labor. The experience of Iowa indicates that the best results 
in ordinary culvert construction, both as to cost and quality, 
are being secured by day labor wherever a competent foreman 
can be secured to take charge. This eliminates the high over- 
head costs of private contractors, without any corresponding 
overhead cost to the county, which must in any case employ 
a county engineer and county auditor. 

On the other hand, it is altogether probable that few if 
any counties can afiford the large amount of contractors' plant 
or secure the services of the high-grade contractors' foreman 
required to build large and important highway bridges. Un- 
doubtedly such structures can be best erected by contract. 
Wisconsin has had substantially the same experience, and has 
made extensive and organized use of day labor in highway work. 
Contrary to common experience, the results have been gener- 
ally good. Important reasons for this, have no doubt, been: 
The lack of experienced contractors capable of undertaking 
first-class work; dividing the work into small parts, widely 
scattered; the widely varying types of construction; the inde- 
pendent character of the citizenship. With the increase of 
population, and the construction of more expensive and per- 
manent types of surfacing, it is probable that contract work will 
become more economical. 
AJ] day-lahor work done in each county should have the 
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closest scrutiny of the county engineer. There has always 
been great laxness in estimating the quantities and costs of 
materials handled in road-building operations. Thus, careful 
analysis has shown that in cases where day-work cost 65 or 
70 cents per cubic yard for earth-work it should have easily 
been done for one-third that amount. In such cases the 
engineer should have full authority to stop the work unless a 
showing approaching contract prices could be made. 

It is of course true that some engineers obtain splendid re- 
sults from day labor, the work being of good quality and of 
low cost. This is due to securing capable foremen. These 
men demand good wages, and counties are often unwilling to 
economize in this direction. But high wages do not necessarily 
make a good man, and poor and extremely costly work has 
been known to result even in these cases. 

73. Lump-Sum vs. Unit-Cost Contracts. — In general, the 
unit-cost contract is best since it reduces the element of chance 
and the contingencies to cover which the contractor must 
necessarily increase his bid. The community should not profit 
collectively thru the loss to an individual, hence the county 
should take the brunt of the risks incident upon any construc- 
tion it proposes to undertake. In the long run such an assump- 
tion of risk will lessen the cost to the county, and it is the part 
of wisdom that the contract and specifications be so drawn 
that the risk to the contractor be as moderate as possible. 

The publication of cost data, as well as preliminary cost 
estimates of the engineer, as required under the Oklahoma 
law, will on the one hand tend to prevent honest contractors 
from 'Agoing broke,'' while on the other hand it furnishes the 
best sort of safeguard against graft on the part of any ofiicials, 
— even to those who make the estimate. 

74. Timeliness of Plans. — The Commission can also greatly 
assist to expedite work generally by urging timeliness of plan- 
ning. The winter months should be the time for getting ready 
the spring and summer's work. Every contract possible 
should be let in January or February. Then the county engineer 
has time to properly prepare for the letting. The County 
Commissioners are more likely to have time at this season 
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for giving contracts their proper attention. The contractors 
prefer it because business is quiet, and they have time to attend 
lettings at less expense to themselves. Also, the early lettings 
help them to make early purchases when material prices are 
best. Much of the material can be put on the ground before 
the season permits construction work, thus saving expense 
besides getting work done earlier in the season. Where day 
labor is largely used, large sums can be saved by making 
winter contracts for the summer^s supply of cement, reinforcing 
and structural steel. All of this means that surveys should be 
pushed thru the winter, when possible, and that the engineering 
staff should be fully as busy thru the winter season as the 
summer, — perhaps even more so, because more money is 
saved by careful and intelligent planning than in any other way. 
The money saved from being thrown away is a double benefit 
to the tax-payers. 

75. — The Commission's problem will also include such mat- 
ters as the proper loadings to be allowed for in designing cul- 
verts and bridges. With the extensive use of large and heavy 
tractors, and the growth of motor trucking, coupled with the 
almost universal range of heavy, and rapidly-moving pleasure 
vehicles, — all combine to make practically sure that bridges 
designed for the common loads of lo years ago are now unsafe. 
This is abundantly proven by hundreds of accidents on coun- 
try bridges through just such causes. 

The Commission must decide whether a given type of culvert 
should be classed as permanent, semi-permanent, or temporary, 
and under what conditions each can advisedly be used. Then 
there will be many special culvert problems. It takes a good 
highway engineer to proportion properly, locate, and design 
a highway culvert. Careful study should be given in each case 
to the special conditions. 

A difficult special problem, for example, is where the difference in level between 
the upstream and downstream sides of the road is great. In such cases the water 
is almost certain to undermine the structure unless it is so designed as to break up 
entirely the force generated by the fall. In some cases gulches 30 to 50 ft. in 
depth have been formed within a few years in this way, in some instances thousands 
of dollars have been spent in the attempt to stay the progress of such a ditch, 
and in other cases a township road has practically been abandoned. 
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76. Problems of Supervision. — The road supervisor is 
usually uneducated and it is practically impossible for him to 
correctly account for the expenditure of large sums of money and 
equally impossible for him to keep cost accounts of his work. 
This condition is usually brought about by a disposition on 
the part of the Board of Supervisors or Commissioners to 
economize. So long as officials are elected because of their pop- 
ularity rather than fitness, and paid a mere pittance for their 
services, we may expect many of them to be incompetent and 
perhaps dishonest. 

Mr. Keller, the State ffighway Engineer, describes a striking case in Alabama. 
A foreman was discharged. The Conmiissioner gave as a reason that he could 
look after the teams and hands and thereby save the county several dollars a month. 
The foreman resented his discharge and investigated the Commissioner's record. 
On a certain day this Conmiissioner drove seven miles to a small bridge where he 
made a contract to repair it for $1.50. A few days later he went back to inspect 
the work. The record of the Commissioners' court showed that cost of repairing 
was $1.50 and cost of inspection two days at, $3 to be $6. Did this Conmiissioner 
do a dishonest act? He certainly was entitled to pay for at least the time con- 
sumed by himself, yet it is manifestly wrong for such a condition to exist that cost 
of supervision is four times that of construction or repair. 

It is impossible to convince some county officials that an 
engineer can easily save his salary several times over by 
administering the road affairs of the county. 

The rash and incompetent engineer is to a very great extent 
responsible for the prejudice against engineering supervision 
or good construction. There is no excuse for a county employ- 
ing an incompetent man. The government, thru the Office 
of Public Roads, stands ready to aid any county in securing 
a good engineer, and every technical school of importance is 
devoting more and more attention to highway engineering. 

76a. Trained Organization Needed. — To carry on highway 
work economically and upon a large scale the need of a trained 
and disciplined force is beyond doubt. The most important 
men are those at its head and these naturally will be engineers. 
Highway engineering in its theoretical requirements is simple 
enough. Except as to bridges, few problems arise requiring 
high mathematical training. There is, however, an almost 
unlimited field for the application of thoroly digested informa- 
tion that comes only with extended experience. This tramixw^ 
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is best acquired on the work itself by young men with thoro 
technical preparation. The ideal road force must attract 
such men, must offer them a training and a future. Only in 
a large force, free from political control and with good chances 
for promotion for proven efficiency, can such conditions be 
insured. 

All officials actually in charge of roads, no matter how 
important or unimportant their tasks, should form parts of 
a well-trained and systematically instructed force. Without 
such a force there are bound to occur many instances of waste 
by improper repair, or by petty graft, or thru stupid or ill- 
planned work. Hence co-operation and xmity is required not 
only in the State force but among all minor officials charged with 
providing efficient road service. To-day the civil service sys- 
tem seems the only means of recruiting such a force. Whatever 
may be the shortcomings of this source of supply, it is preferable 
to political control. Promotion for efficiency in all grades 
gives the best results. 

A highway engineer should have a good technical education, 
and for success he must be practical and diplomatic. He 
should be sober, honest, energetic, and think more about the 
work he is trying to do than the pay check he will receive at 
the end of the month. When taking charge of a county's road 
affairs he should convince the commissioners that he is a 
competent student of road-building and then prove it by doing 
good work. Unless he can convince the Board that he knows 
his business, he had better resign. Trouble often arises by 
want of a thoro understanding as to the engineer's duties. In 
his contract with a county, it should be clearly set forth what 
his duties are. If he is to be held responsible — and he should 
be for the success of his work — he should have full power to 
employ and discharge those under him. 

77. How Not to Do. — During the past century hundreds 
of millions have been spent on our country roads, yet we have 
little to show for it. Why have such huge investments yielded 
so small permanent returns? 

Competent observers agree that the fault lies chiefly in our 
ancient system of road administration, a direct legacy of the 



ROAD ADMINISTRATION 49 

ft 

feudal system, brought from Elizabeth's England by the 
colonists. By it we have paid road taxes by direct labor on 
the roads. And, unfortunately, the persons in charge of. such 
work have seldom been chosen for their fitness; therefore 
enormous wastes have occurred. 

Oklahoma's first Highway Commissioner said, " Did you ever hear of a man put- 
ting in an honest day's work on the roads? The idea of a man working out his 
road tax is the poorest piece of foolishness ever sanctioned by law. He might 
just as well work out his school tax. Tell him, * This is your day to teach, — go 
down to school now and work out your school tax teaching the children.* What 
does he know about teaching? Nothing, of course! But he knows as much 
about teaching as about road-building. Every man ought to be required to pay 
his road tax in cash, like other taxes. Then the law should provide for the em- 
ployment of a competent engineer and experienced road-builders who know how 
to construct roads along practical lines." 

Similarly, the U. S. Department of Public Roads says: "The road work of this 
country is inefficient and inadequate. Pennsylvania, for example, had 3,000 town- 
ships, and the supervisor of each township was the road boss of that unit. There 
are probably 100,000 of these township road officers in the United States, each one 
exercising separate authority with no ranking head to direct groups of them. 
What would a great railroad do if each of its section bosses were permitted to buy 
all the material for constructing and maintaining his little piece of road? " 

78. Merit System. — Continuous employment must be made 
a basic feature of our road administration if efficiency is to 
be obtained. No man can serve two masters or the interests 
of one will be sacrificed. Private enterprise requires good 
management to insure success. Public enterprise may be 
neglected as a rule with impunity because people in the aggre- 
gate do not look out for their own interests. Therefore, in any 
divided responsibilities the people will be the losers. Unquest- 
ionably the roads require constant attention, and only by con- 
tinuous employment can such continuous attention be obtained. 

The men employed must receive adequate compensation. 
The penny-wise and pound-foolish policy of saving money by 
employing a man who will give his services for the least com- 
pensation should be abandoned. An adequate scale of salaries 
and wages would attract to the work men who could effect 
economies and increase efficiency to such a degree as to save 
the outlay due to their extra compensation many times over. 

79. Appointment Better than Election. — The men who 
actually construct and maintain roads should be appointed 
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instead of elected, and these men should be employed during 
their efficiency. The old political idea that a road office is 
a reward and that the reward should be passed around should 
be stamped out utterly and entirely. Its place should be 
filled by the principle of public weKare. If certain work is done 
for the benefit of the public, for which it pays, it is primary 
justice that the public pay only for value received. If the 
engineer or road superintendent renders to the county certain 
services which the county has agreed to purchase, it should con- 
tinue to pay so long as the services are worth the purchase 
price. 

80. Merit and Politics. — At an American Road Congress, 
Mr. Dana of the National Civil Service Reform League 
discussed civil-service reform in relation to road construction. 

"Let me state some of the advantages that come from 
the employment of experts in road construction. It will save 
waste from poor plant, poor methods, use of the wrong mate- 
rials, improper or insufficient sub-drainage, or surface drainage, 
insufficient foundation, waste in the supervision of labor, 
loss from insufficient specifications, and from failure to enforce 
good ones properly; from the employment of incompetent 
laborers, so as to give influential voters or friends of active 
politicians a job at the expense of the public at high pay, and 
remedy the inability to get a day's work for a day's pay." 

81. Classification of Roads Required. — Whether or not 
an effective State Highway Commission is created, most 
authorities agree that the roads of the State should be divided 
into several classes, as a first and vital principle. The principal 
highways would be known as State Roads and be improved 
and maintained chiefly at the State's expense. They should 
be roads extending between centers like the more important 
cities and county seats of the State. They are of direct interest 
and financial benefit to the people of the whole State and 
their improvement is of direct importance to the entire 
State, furnishing ready communication between important 
points. 

The second class of roads should be County Highways 
• constructed and maintained at the expense of the county. 
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It should include roads of general use in the county but not a 
part of the main transportation system between centers of 
population. 

The third class are Township Roads constructed and main- 
tained by the local community. It should embrace only roads 
of a purely local interest from which the people of the State 
at large derive no direct benefit. 

A proper financial system would then provide for the im- 
provement of the principal highways from the State treasury; 
of the second class of highways from the county treasury; and 
of the third class from the district or township treasury. Thus 
the burden of taxation for road improvement would be dis- 
tributed among the people in proportion to the benefits to be 
derived from them. To achieve this object is obviously just 
and equitable. 

A classification resting upon a somewhat different view- 
point illustrates the principle that ** Market Roads" radiating 
from trading centers improve both the market and the tributary 
country and should therefore receive first consideration. But 
there is no reason why the two schemes of classification can- 
not be harmonized, since where both plans coincide upon a 
given road that is simply the greater argument for making it a 
first-class highway. 

83. Organization by County. — In any rational American 
system of road work there is a clearly defined place for a county 
organization, and the movement is steadily toward county 
units, supplemented by a State Highway Department. Such 
a system provides for a sustained policy and makes efficiency 
the object of its work. Every dollar expended is made to give 
a dollar's worth of returns. The roads are classified and the 
improvements adapted to the traffic requirements. 

84. A Tjrpical Plan. — A county may be divided into road 
districts each having an overseer in charge of the work therein. 
They work under direction of the County Engineer, who is 
superintendent of all road work in the county, whether done 
with district or county funds. The Engineer goes over each 
district and plans and directs where and how work is to be 
done. Overseers use a system of daily reports showitv^ tV^ft. 
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location and amount of each day's work done by him. The 
Engineer makes up pay rolls for each district from these daily 
reports and charges the cost to the proper mile, in a road-work 
record kept by him. All claims are checked and approved 
by him before being allowed by the County Board and a 
complete record of them is kept. 

By this system it is possible to develop roads reaching out 
from the various towns to all parts of the county and to provide 
for their maintenance in a way that is impossible under the 
old overseer system, where each man is spending his district 
fund where and how he pleases. 

The Engineer is also superintendent of dragging and makes 
contracts with the farmers when possible, or with other suitable 
persons. Blanks are furnished upon which the party doing 
the dragging records the date of the rain and the date and 
amount of the dragging. At the close of the season these re- 
ports are returned to the commissioners and the work is paid 
for. A common rate is 50 cents per round per mile. 

The selection of the county as the unit of administration 
becomes more important as the course of time shows the neces- 
ity for strongly organized maintenance districts. Political 
units gather strength not so much by laws of establishment as 
by age and the habits of thinking of its citizens. 

By selecting suitable officials under the regulations of State 
Commissions efficient executives may readily be secured. For 
maintenance work the continuous, personal supervision of a 
resident county engineer who is a capable executive is desirable. 
Furthermore, the desirability of undertaking new construction 
except under the close supervision of a State Commission is 
usually open to question. 

It seems that the logical plan of organization for States having 
a large rural population is that of a small, efficient State Com- 
mission supervising the work of the various counties. This 
is simple and adapted to American conditions. 

86. Experts on Administration. — George R. Wales, chief 
examiner of the United States Civil Service Commission, spoke 
on "Sound Administration of Public Service," at the American 
Road Congress at Atlanta, thus: 
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"No argument is needed that road construction should be 
placed in the hands of trained and competent men. 

"A plan has been proposed whereby each State may take 
its road-building operations out of politics and place them 
tmder an administration which will insure loo cents' worth 
of roadway for every dollar of taxation; an administration 
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which will place road-building in the hands of technically 
trained experts who have made this science their hfe work; 
an administration which will enable the people to realize all 
those great benefits in education, prosperity, and improved 
country life that will result from an adequate system of modem 
highways. 

"Briefly, the plan is for each State to place general super- 
vision of its roads in a non-partisan board, tmder whom there 
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shall be a state highway engineer with assistants, and a highway- 
engineer in each county, or a group of counties when a single 
county cannot afford to have an engineer, — all of these from 
the state highway engineer down to the county engineer to be 
appointed from among those graded highest in a competitive 
examination, testing the qualifications of all applicants for the 
places, and all of them to hold office during good behavior and 
efficient work." ' 

L. W. Page, of the U. S. Office of Public Roads, says: 

"Recapitulating briefly the intrinsic defects of our present 
system of road administration, I may say that they are: 

^^ First, Extreme localization involving the maintenance of 
an unnecessarily large number of officials whose duties are 
similar and whose responsibilities are exceedingly vague. 

*^ Second, The practice of requiring these officials to devote 
only a small fraction of their time to the work, thereby giving 
to the roads an irregular and intermittent attention. 

" Third. The failure on the part of legislation or regulation to 
require that the officials who have direct charge of road con- 
struction and maintenance shall possess the qualifications 
essential for their work. 

^^ Fourth. A general prevalence of the elective rather than 
the appointive plan, thereby giving an undue advantage to 
poUticians as compared with engineers. 

^^ Fifth, Limiting the term of office of road officials to definite 
terms rather than to the full period of their usefulness. 

" Sixth. The influence of political considerations in detiermin- 
ing who shall be employed. 

" The remedy to my mind is the enactment of strict and clear- 
cut civil service legislation applicable to the particular road 
system in each State, and the conscientious and wise enforce- 
ment of such legislation. In the first place, a state highway 
engineer should be chosen by a non-partisan board and should 
hold office at the discretion of such board. All subordinate 
positions in the department should be filled by rigid competitive 
examinations without regard to party affiliations." 

86. Pennsylvania Hints on Administration. — The Deputy 
Commissioner says to township officials: 
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"Organize promptly and properly, 

"Appoint efficient officers. 
Appoint wide-awake roadmasters. 
See that they follow instructions. 

See that they attend your meetings and make their reports 
promptly and correctly. 

" Transact all township business as a board at your regular 
meetings. 

Have your annual reports on file on or before January i. 
Make your annual estimate carefully, and set aside a good 
percentage of your funds for permanent work. 

"Endeavor to form at least the nucleus of a road force that 
will be given as steady work as possible. 
House your machinery in winter. 
Commence your work early in the spring. 

" Grown your roads and dig adequate side-ditches. 

" Drag your roads. 

" Cut the brush and weeds from the sides of the roads and 
burn them, or otherwise remove them from the road. 

"Straighten your roads. 

"Reduce the grades. 

" Flatten the curves. 

"Erect index boards. 

"Anything that is worth doing is worth doing well. Make 
your work a credit to your board and to your township.'' 

87. Conclusions. — Extended study of road organizations 
has brought out the following elemental truths: 

First. That our road problem is one of sufficient magnitude 
to demand adequate attention. 

Second. That the chief cause of inefficiency is extreme 
localization, or applying the theory, "Every man is a Road- 
Builder." 

Third. That this localization is based upon early colonial 
precedent crystallized in our road legislation and is wholly out 
of harmony with present conditions. 

Fourth. That the remedy for localization lies in state con- 
trol; and that this state control should extend to practically 
the entire road mileage of the State. 
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Fifth. That state road administration must be taken out 
of politics, and the best way to accomplish this result is thru 
the establishment of a non-partisan commission to select the 
principal officials, and the establishment of a competitive 
merit system of appointment for subordinate officials and 
employees. 

Sixth. That the county road administration should be based 
upon the same principle of appointment by merit thru com- 
petitive qualification tests. 

Seventh. That employment must be continuous in order to 
secure adequate results. 

Eighth. That compensation commensurate with the qualifi- 
cations of the appointees must be provided. 

Ninth. That the men who have direct charge of construction 
and maintenance must be appointed rather than elected and 
must hold office during their efficiency instead of for fixed terms. 



CHAPTER IV 

CONVICTS AND ROAD WORK 

This chapter gives reasons why convict labor is desirable. It is non- 
competitive with free labor; is of direct benefit to the State, already put 
to great expose for the prisoner. It benefits the prisoner, is more health- 
ful, less demoralizing, and may be distinctly educational to him, since it 
furnishes an opportunity for the exercise of all grades of skill, intelligence, 
and physical capacity. 

If a rational system of pa3anent is worked out, with due reference to their 
obligations to the State, great benefits would result, to themselves in 
increasing their efficiency and self-respect, and by sharing in the support 
of their dependent families. The experience of certain States with con- 
victs, and the costs of maintaining and equipping them, are given. 

88. Convict Labor. — A variety of reasons, all good, point 
to the increasing use of convicts in road construction. Hence 
the subject is briefly examined here. In the first place, road- 
building is distinctively a public work in which the convict, 
otherwise maintained by the public in relatively unproductive 
labor, or idleness, can repay, at least in part, what it costs the 
general public to maintain him, and also what it has cost 
the State to prosecute and convict him, — often a large sum. 
In doing so he does not compete with free labor, as is apt to 
be the case in any line of manufacturing. 

Secondly, if the true theory of prison administration lies in 
corrective training and education rather than vindictive pun- 
ishment, and discipline for discipline's sake alone, and if the 
convict is after all inherently human, and not an animal of 
a different species, as seems to have been assumed heretofore, 
then it is vastly better for him also to be working in the open, 
under conditions of good sanitation, than to be housed within 
prison walls or factory. This view further assumes that his 
morals, if defective, will become normal sooner if his health 
is good and his body robust, than if they depend upon a body 
debilitated because habitually housed under less healthy 
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conditions. And in view of his relations to society after his 
release, (as affected by the mental attitude with which he 
rejoins it), it would seem that society is abundantly justified 
in at least a moderate degree of care for his welfare, simply 
as a matter of insurance. He is still a human being, frequently 
of a type weak but not truly vicious, and capable of being 
reclaimed to society as easily as being completely ruined by 
a prison sentence. 

It can be readily shown that work upon the State's highways 
under an intelligently-planned and humanely-administered con- 
vict system is a long step ahead in the solution of these prob- 
lems, especially if the idea of discharging an indebtedness to 
the State can be developed, and that when discharged from 
prison normal citizenship is recovered. 

89. — In the third place, this convict labor can readily be 
made a great economic asset to the counties or State employing 
it. This is well illustrated in the Road Law of Oklahoma, 
enacted in 1915. This provides that all those expenses to 
which the State would normally be put for maintaining a 
prisoner in the State's Prison, shall be continued when the 
prisoner is on road work. This includes food, clothing, medical 
attention, and all the costs of his shelter and custody. * As the 
State would also normally purchase and own equipment for 
factory employment for him, it may substitute road-making 
tools and machinery in place of it. Continued observation 
shows that the first-named costs generally run from 50 to 60 
cents per man per day. 

How then may a county specially profit by this arrangement? 
The county is to pay the costs of transportation from the time 
prisoners leave until they return to the prison, fuel, feed for 
all work-animals, ordinary running supplies, and current re- 
pairs to the plant used. All road-building materials are of 
course supplied by it. Subject to these conditions, the labor 
is entirely free to the county. In other words most of the 
plant charges and practically all of the labor charges are borne 
by the State. Needless to say, the local Road and Bridge 
Funds, relieved of these major charges, should extend much 
farther than would otherwise be possible. 
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Mr. J. H. Pratt, Geologist and Engineer for North Carolina, 
a leading good roads worker of the South, has written fully 
and convincingly on various phases of convict road work, in 
part as follows: 

" I take it for granted that all believe the convict should 
do some work. What better work for him than building 
public roads? Considering the scarcity of labor in our rural 
sections, this plan will practically never come into competi- 
tion with free labor." 

90. Improvement of the Convict. — It engages him in healthy 
labor, outdoors. It is hard work and should not be imposed 
upon the physically unfit. Statistics show the health of road- 
workers to be better than in any other class of convicts. But 
this of course implies that the camp shall be administered 
upon a semi-military basis as to cleanliness, general sani- 
tation, with wholesomeness and sufficiency of food. This is 
readily obtained and abuses prevented from creeping in under 
competent supervision from State health and penological 
authorities. 

91. "Improvement of Road Work. — The use of convicts 
in road construction permits of a better organization of road 
forces, and one in which there is greater permanency than is 
usually the case with free labor. Free labor is at times prac- 
tically impossible to obtain, nor can it be retained long enuf 
ta be trained so as to be most effective. But after a few 
months' work together a convict squad becomes pretty efficient, 
and performs its work with intelligence and care." 

92. All Tjrpes of Employment. — There is always a lot of 
heavy and rough mechanical work, such as running drills, 
stone-crushers, traction engines, rollers, etc., where after a 
time men with any aptitude become competent and valuable 
mechanics. Then there is blacksmith work, such as shoeing 
animals, sharpening drills, picks, mattocks, and repairing drags, 
scrapers, chains, etc. There is always, too, a considerable 
number of teamsters required, where the less strong and active 
men can be suitably employed. Cooks and kitchen help are 
needed, as well as special sanitary details, wherein work could 
be used as a disciplinary measure. 
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For the most intelligent and competent executives, there 
would be an abundant outlet as foremen of concrete gangs, 
rough carpenter work, special repair jobs, etc., while for those 
with sufficient education and clerical ability there would always 
be a great deal of bookkeeping looking toward necessary records 
of a personal sort, the cost and checking of supplies both for 
the commissary, for plant and machinery, and road-building 
materials purchased by the county, and for securing and main- 
taining cost records on every phase of the work, without which 
waste, extravagance, or graft is certain to occasionally creep in. 
Thus while road work is the best possible work for the ordinary 
criminal, it is equally good from every standpoint for the better 
educated and more intelligent convicts as well. 

93. Tramp Nuisance. — As Mr. Pratt says, while it is true 
that there are a certain number of floating individuals who are 
the victims of unfortunate circumstances, it is further true that 
there is a less worthy class who drift about, chiefly because 
they despise work. Weeks or months in jail or prison is a 
rather comfortable existence for them, especially during cold 
weather. Systematic road work for these vagrants would un- 
doubtedly benefit them, and also promptly free the community 
from their nuisance. 

94. Prisoner's Pay. — At this point an interesting question 
involving both ethics and economics arises. Should the 
prisoner be paid, and if so, how much? As between the county 
and the State, there seems to be no valid reason why the county 
should not refund to the State the total actual expense of 
maintaining the prisoner in road work. If this is not done, the 
county which does not elect to use convicts (or perforce, was 
not able to get any, because the demand was so great that 
gangs of practicable size could not be furnished wherever 
requested), is making a present to the second county of that 
part of its general taxes which go to supporting the prison. 
This goes to the benefit of the second county's roads ex- 
clusively, and for which the first county is precluded from 
getting any return whatsoever. 

The second question relates to the efficiency of the laborer 
/a part Granting that the county should pay the State for 
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its state-convict labor, how much should it pay? It has been 
assumed that the convict cannot be made to do more than 
half a free man's work. Whether or not this is correct, it 
appears that unless the county pays in addition to the cost of 
maintaining him, the balance up to what free labor would cost 
to do the same amount of work, even discounted 50% as sug- 
gested above, then the county using this labor is still indebted 
to the other non-using county, as suggested above. 

In the third place, should the convict be paid something 
himself, as an incentive to better work, to enhance his self- 
respect, and to permit him by such labor to contribute some- 
thing toward the support of those dependent upon him, as 
well as purchase for himself certain comforts or luxuries which 
the State would not ordinarily furnish? On the above basis, 
assuming that free labor can be secured at $1.50 per day, and 
that a convict is only therefore worth 75 cents per day, there 
does not seem to be any valid reason why he should not be 
paid in cash the difference between what he has cost the 
State and this 75 cents, amounting to fifteen or twenty cents 
per day. This is leaving out of consideration the State's 
expense for his prosecution, trial, etc. 

96.— Places of deposit should be provided for him, in order 
that his savings, compulsory up to sixty or seventy per cent 
of the whole, may be paid him upon discharge. Should he 
have dependents, which is common, the proportion which the 
prisoner is to send them should be larger, while at the same 
time he has a greater motive for conscientious work, and is 
certainly a better man for having the hopelessness of his work 
tempered by this method. 

Even on this basis of 50% efficiency, which is probably 
far too low, the county is still getting full value for all its funds 
expended, and there is no trace of charity in the work. 

96. Experience with Convicts. — Mr. Coleman, Highway 
Commissioner of Virginia, advises that prisoners should be 
divided into four groups, as (a) Long term and dangerous men; 
(p) short termers; (c) trusties; and (d) paroled men. 

Class (a) includes murderers, men with notoriously bad 
records, and third offence men. These are to be dressed in 



62 THE AMERICAN ROAD 

stripes, and worked in stockades or under guard in stone 
quarries or similar places. 

Class (6) would include first offence men, and reliable pris- 
oners from class (a). These men are to have brown or blue 
uniforms and work under guard on the roads. 

Class (c) is made up of trusties from class (b). These are 
to wear ordinary khaki, and work without guards as roller- 
men, engine-men, cooks and yardmen, and would be sent in 
small details to do isolated work, as dressing up a stone-road 
surface, to build and repair culverts, etc., effort being made 
to have them definitely realize the trust and responsibility 
reposed in them. 

Class (d) are those taken from class (c) and paroled at some 
period of their sentence for good behaviour. These men would 
wear ordinary clothing, and serve in the maintenance depart- 
ment of the State or county as patrols, be furnished with 
suitable quarters and paid a certain wage, prison control being 
maintained by a system of monthly reporting to some general 
head, and otherwise complying with the parol laws of the 
State. Having thus been carefully trained in road work while 
a charge of the State, it would certainly be advantageous to 
the community to have them continue in such honorable and 
worthy occupation afterward, thus consummating an impor- 
tant step toward the solution of the discharged-prisoner prob- 
lem. This has also been the experience of other Southern 
States where the paroled prisoners have subsequently settled 
down and become respected citizens in the localities where 
they had previously been stationed. Mr. Tynan, Colorado 
Warden, has attracted a good deal of attention by his success 
in working out a parol system, and says the convicts are only 
"folks" after all. That only one man out of two hundred 
attempts to escape from the Colorado camps proves to him 
that the men are willing to do good work and to live up to 
their agreements if given the chance to do so. 

The warden of Sing Sing, in New York, is another pro- 
found believer in humanitarian penology, and is prominently 
committed to the reclamation of the greatest possible amount 
of human wreckage which comes under his jurisdiction. 
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98. Custody. — Convict labor is generally used to the best 
advantage on roads where the grading is heavy, and quarrying 
is to be done, as it is then possible to concentrate the force so 
that foremen and guards can give closer attention to individual 
efforts. Prisoners are of course apt to do as little as pos- 
sible, on the theory that the labor is their punishment, which 
they thus to that extent avoid, and are apt to kill a great 
deal of time making imaginary adjustments to tools and 
clothing. This of course applies chiefly to those who work 
under armed guards, and not to those under a parol or honor 
system. 

At night, where a permanent colony is established, as at 
a quarry, a stockade is usually established, and of course 
guarded and patrolled. On less permanent jobs, movable 
Uving quarters, consisting in substance of long tents with 
board floors and galvanized iron roofs, with or without bunks 
for sleeping quarters, are employed, wherein the prisoners are 
secured to a main chain which is in turn securely fastened to 
some permanent object. 

99. Maintenance Costs. — In 1914 Virginia worked some 
sixteen hundred convicts on her roads, and found that the 
average cost per man per lo-hour day was 52.9 cents. She 
estimates that the convict is about two-thirds as efficient as 
free labor, but that it is vastly better for the convict, and that 
most of them prefer road work to confinement. North Caro- 
lina reports the expense per man per day as 35 to 55 cents, 
depending upon wages. It would probably be considerably 
more in the Southwest and Western United States. Louisiana 
finds the cost to be 45 to 50 cents per day. 

100. Cost of Equipping a Convict Force. — W. E. Atkinson, 
State Highway Engineer of Louisiana, states that an approxi- 
mate estimate of the cost of equipping and running a convict 
camp for road purposes, based upon a force of laborers num- 
bering 50, would be as follows: 
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Item. Cost. 

lo teams, at $500.00 $5,000.00 

10 road slips, at $7.00 70.00 

I road grading machine 200.00 

1 road roller 2,000.00 

2 road drags, at $20.00 40.00 

I blacksmith outfit 50.00 

All necessary axes, picks, shovels, etc 100.00 

Tents for living quarters, dining room, stables, etc 500.00 

Kitchen outfit 50.00 

Limiber for cell-house, etc. 500.00 

Incidentals 500.00 

Total $9,010.00 

A camp of 50 men should be supervised by the following 
superiors: 

I captain, at $75.00 per month $ 75.00 

3 foremen, at $40.00 per month 1 20.00 

5 guards, at $30.00 per month 150.00 

Total $345 00 



CHAPTER V 

EARTH ROAD CONSTRUCTION 

Methods of attacking the general problem of earth-road imi^rovement are 
here suggested, and the vast importance of drainage in every type of road 
is emphasized at length. The fimction of ditches, tiles, and of vsLrying 
amounts of crown is discussed, with methods for handling the general drain- 
age of the coimtry, especially under unusual conditions, as floods and over- 
flows. Then follows a discussion of the scraping grader, and the tractor, 
with emphasis on the economy of a good roller consistently and persistently 
used. There are examples of Standard Road Sections. The fact is 
emphasized that it pays to do all road work carefully and well, and with 
considerable regard to appearances. In conclusion, it is shown that like 
more expensive roads, the main problem of the earth road is one of con- 
tinued intelligent care and maintenance. 

101. — When a new road is to be built, or an old one relo- 
cated, the work should always be staked out by an engineer, 
if possible. Building a road without a survey is almost certain 
to waste dollars to save pennies. 

The engineer locates the line, takes levels, contours, and cross 
sections, makes a profile, establishes the grades, and stakes out 
the work. In this way the ditches are sure to be drains and 
not ponds, the grades will be correct, and the amount of grad- 
ing will be a minimum for a good road. About $30 to $40 per 
mile is the usual cost of the engineering services outlined above. 
If the entire construction can be supervised by an engineer, so 
much the better, for road-building is an engineer's work the 
same as raising cotton is a farmer's work, and each is best at 
his own task. 

Method of Attack. — The improvement of our roads should 
be begun by thoroly building all fills, solidifying the substruc- 
ture or foundation, lessening steep grades, rounding oflf hill 
tops, draining the surface and underdraining ground waters, 
constructing bridges, and straightening needlessly crooked 
roads. We should then maintain them as iov^xoN^'i, ^^xNJsi: ^^ 
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gravel roads, as the case may be, pending the next step of the 
improvement, the final laying of more costly surfacing, pro- 
vided that is ever found necessary. All this can be done 
economically, showing immediate and direct benefits for every 
dollar spent. 

Bad locations should be among the first matters treated, as 
this imposes a permanent expense, often greater each year 
than the present cost of correction, — then done once for all. 
Fortunately, such changes can often be made easily and at 
slight expense. 

102. General. — The principal philosophy underlying earth- 
road construction consists in underdraining the subsoil where 
necessary, and then so shaping and maintaining the surface 
that no water can remain on it. If well built and maintained, 
the earth road will be fairly good most of the time, and de- 
pendable all of the time. If too heavy traffic comes upon it, 
some stronger and more expensive type of surface is required. 
Adequate side ditches carry surface water speedily and harm- 
lessly away and a suitable crown to the surface deflects the 
rain-water to the ditches, preventing the formation of ruts. 
Water is the natural enemy of all road and street construction 
and must be kept out of them, off of them, and away from 
them. With poor drainage even the best roads and streets 
soon go to pieces. With good drainage a bad road can always 
be vastly improved. Continued rain and heavy travel will 
greatly damage any road not surfaced with a hard material. 

103. Drainage : Surface. — The life of a road chiefly depends 
upon how the surface water is handled. If the drainage is 
carelessly treated or neglected it will almost certainly result 
in the ultimate destruction of the road. Drainage is vitally 
important with any tj^je of road construction, but on the soft 
surfaces of an earth road it becomes doubly important. How- 
ever, it is not a simple question, easily handled, but requires 
much study. 

The chief thing is to get the water away from the road, and 

to prevent its entering the road from above, from the sides and 

from below. Every step in road-building should keep in view 

the necessities of drainage. In this connection, a steam roller 
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is desirable as it compacts the surface covering, and makes it 
smooth, hard, and more resistant to the penetration of water. 
The road should, if possible, slope i ft. in 100 ft. 

104. Side Ditches or Gutters. — Properly built, side ditches 
will often drain a damp roadbed, though they primarily care 
for the water shed from the road surface by the crown. In 
both ways they play an exceedingly important part and must 
be looked after at all times, for even when sub-drainage is 
not needed, side ditches are. 

At times it is necessary to carry the water for some distance 
in the side ditches before it can be disposed of. This may 
occur in cutting the road through a ridge or hill, leaving a 
cut bank on each side. In such cases, and especially if the 
grade is considerable, it is often a good plan to carry the water 
in tile laid in the ditches, to prevent excessive scouring or 
cutting. Or it may be a good plan to carry the water for some 
distance in the ditches and then into the tile by a well or by 
using a "Y" with the short end or branch turned vertical, 
with a grating to protect the opening from trash. Where 
stone is available the same general result can be obtained, 
probably at less expense, by paving the gutter roughly with 
cobblestones, or irregular fragments. Another plan builds 
frequent low cross-walls with weirs, in paved gutters, to 
slacken the water. 

Side gutters must be so constructed that the water reaching 
them will be carried oJBf quickly, and not stand or seep into the 
sub-base of the road. Earth slides, drifts of leaves, twigs, or 
other trash dam the flow. Little attention has commonly 
been given to this and much water damage has thereby re- 
sulted. There will be little seepage from the gutters if prop- 
erly graded, i.e., if they have sufficient fall. This grade 
should never be less than six inches to one hundred feet, and 
one foot is much better. In level country the proper grade 
is often hard to handle, but the grade of the gutters need not 
correspond to that of the road. Where it is not possible to 
give sufficient grade to the roadway, the crown can be increased 
so that the water will be carried quickly to the gutters, and 
.then sufficient grade given to the gvittei^ lo \5j^^^ \!cl<^ ^^jiX^et 
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flowing. This water should then be carried under the road 
as often as necessary, and to the side where it can be best 
disposed ofj but it must never be taken across the surface. 
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These under-openings, too, must be kept free of trash and 
rubbish. 

105. — Private entrances to dwellings and farms offer some 
obstruction to the side ditch, as a rule. If the gutter can be 
made very wide and shallow, its obstruction to travel will be 
lessened. The local owners will often prefer to build a pipe- 
drain or culvert under their driveway, but it should not be- 
come a menace to the road at this point. That is to say, 
they must be big enuf to carry the water freely; must be 
set to a true grade agreeing with the bottom of the ditch, so 
that it will neither dam back the flow nor fill up with mud; 
they must be strong enuf not to break down with the loads 
to come upon them; their tops must agree with the top of the 
road's crown so that travel will not be obstructed over them. 

All the foregoing remarks apply with still greater force where 
we are considering the treatment of drainage structures at 
road intersections. 

106. Secondary Ditches. — When the road is located on a 
hill-side below a considerable area of watershed, so much 
water may flow over the edge of the cut into the ditches that 
those of ordinary size will not hold it. In cases of this kind 
a secondary ditch, well up on the side of the hill, should be dug. 
It will intercept most of the water before it reaches the side 
ditches and save a great deal of expense in keeping up the 
side slope, as well as protecting the gutter from excessive wash 
or scour due to the extra flow of water and silt or mud in it. 
This drain should be of sufficient depth and width to properly 
dispose of the water and should lead to the nearest drain or 
watercourse leading away from the road. 

107. Sub-drainage : — Tiles, A road cannot be main- 
tained in wet ground, but it is seldom that an earth road will 
have to be continuously underdrained unless its location is 
entirely in clay. Often there are short sections where .the water 
collects and is retained. It must be disposed of by carrjdng 
from the center to either side or from one side to the other and 
thence away. In such cases it is best to construct porous tile 
drains. There are many ways of lajdng them, and all have 
their advantages. One method will give best results in a. 
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certain case, but the method followed is to be determined by 
the engineer in charge. 

The most-used scheme places the tile directly under the 
side ditch, or when necessary, under both ditches. A tile 
drain in a loam or porous section will generally drain a road 
or area whose width is five times the tile's depth below the 
siurface. Therefore, if the soil is loam, or of similar nature, 
and the drain is placed three feet under the side ditch, it will 
drain an area about 15 feet in width, and in some cases up to 
20 feet. In a narrow road, where there are ditches on both 
sides, if the soil is easily drained, one tile will often be enough. 

Tile drains keep a stratum of dry soil underneath the gravel 
or stone placed on the road surface. They are not intended to 
carry away surface drainage, which must still be carried in 
open gutters. Their object is to keep water from rising into 
the roadbed from below. If the soil around them is kept 
reasonably dry it can then support the gravel or stone covering, 
and the weight of any traffic that comes over the road. 

108. Niimber of Lines. — For bad sections there are' advo- 
cates of both one and two drain lines. The safest way is to 
lay one drain line under the low or wettest side. This line 
should be deep, and an abundance of rock placed on top of 
the tile, say to within a foot of the ground surface. Afterward 
observe its effects carefully. If the entire surface seems to 
keep dry, and both sides are in a similar condition, this single 
line is sufficient. If, however, the side opposite the drain re- 
mains wet, it is evidence that a line on that side is needed. 
An exception to this rule might arise if the undrained side is 
bordered by trees, or not much exposed to the sun, or seepage 
water reaches it. It is commonly held that no tile of less than 
5 inches diameter should ever be used. 

109. Slope. — Drains should have a minimum fall of three 
inches in one hundred feet, but one foot in one hundred is 
much more satisfactory. They must be laid to a true line 
and slope, otherwise silt pockets will form, clogging the tile. 
On level ground, the tile may be laid below the bottom of 
the side ditches. On slopes where the covering over the tile 

js liable to be wsished out, it should be laid under the shoulders 
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of the road. In addition to the tile, blind drains should be 
extended diagonally into the center of the road if there are 
springs or exceptionally wet spots. Ditches for tile should 
be begun at their lower ends to free themselves of water as 
the work progresses. 

110. Cross Drains. — Cross drains should not be placed at 
right angles to the gutters, nor placed less than eighteen inches 
below the top of the sub-grade. They should slope at least one 
inch to five feet toward the side difches, and be spaced accord- 
ing to the wetness of the soil. If in very wet clay, holding 
water, place them every fifteen feet, increasing the distance 
as the soil becomes drier. Sandy or gravelly soils require 
spacing from 30 to 80 feet. In some cases, it will be better 
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practice to lay a drain in the center of the sub-grade, with 
laterals running into it, but this should be done only where 
there is difficulty in disposing of the water from the side ditches, 
and care must be taken to have the center drain empty freely 
into the side ditches. Good practice calls for laying these tile 
all the way from i^ to 4 ft. in depth. Fifty cents per lineal 
foot in place is an ordinary cost for tile work. 

111. Shape or Crown of Country Roads. — There is no fixed 
rule regarding the crown of roads, as local conditions and the 
type of road will necessarily govern. Experience must teach 
the proper crown to fit them. However, it is most important 
in new road construction, and in the improvement of existing 
roads that the problem be carefully considered. 

The crown of a road answers the same purpose as the roof 
of a house. Its purpose is to shed the water. Any means 
which will compact the loose material on the surface increases 
its resistance to water. If the crown is too fia.1 ^^V^x ^^#S^ 
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collect in slight depressions and traffic soon increases each de^ 
pression to a good-sized hole. If the crown is sufficient to 
promptly drain the water falling on it to the side ditches the 
road surface will be kept comparatively dry. But a strip of 
sod or weeds allowed to grow between the traveled way and 
the ditches practically defeats the purpose of the crown. 

112. Amount of Crown. — The amount of crown depends 
on the width of roadway, the grade of the road, and the char- 
acter of the soil of which the road is built. If the slope along 
a rut is greater than that to the gutter and the soil washes 
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easily, disaster will follow. Only sufficient crown should be 
given to' a road to do what is required of it. Do not make 
the crown so great that the center will be the only part of the 
road safe for traffic. If crowned too much the most traffic 
will use the center, where it is nearly level, and maintenance 
work will be heavy. A flatter or proper crown will permit an 
even distribution of the load on all four wheels, while if too 
great, there will be a greater load thrown on the two lower 
wheels and the cutting will be greater than on the upper wheels. 
Some experts claim that roads when completely consoli- 
dated should have a minimum crown of one inch to the foot. 
That is, from shoulder to center, a roadway 24 feet between 
^tters should have a crown of 12 inches above the shoulders. 
TIus crown is for sl fuUy consolidated road, not for a new gravel 
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or stone road on which the stone or road material is left without 
rolling. A new road even when consolidated should be too 
high to commence with, otherwise it will soon get too flat. 
Every tendency of wear and of the forces of nature is to flatten 
the roadway. It will therefore soon hold water if not given 
an excessive crown in the first place. 

Straight-sided Crown, — Where the sides of the crown are 
sloping straight lines, as some contend for, the sides of the 
road soon wear hollow and hold water that should flow to the 
gutters. These hollows containing water soon form holes 
which increase in size. But if traffic is greatest at the center 
of the road, as is usually the case, the action of the horses over 
it will soon wear it to about the same crown curvature as is 
generally conceded to be proper shape. 

113. Cotmtry Drainage. — The proper disposal of water which 
falls upon a road surface, or finds its way into the subsoil where 
the road lies, is by no means the end of the road-builder's prob- 
lem. There still remains to be handled the drainage of the 
country through which the road passes. "Every hill has its 
hollow," and every valley has its stream at least when it rains, 
and our roads must by bridges and culverts be safely and 
economically carried across them. To cover this subject calls 
for more advanced engineering than this course can afford, yet 
we can at least consider the principles upon which sound and 
economical design must rest. 

The engineer should investigate all the streams, learn some- 
thing regarding their sources, and take measurements of them 
at or near where they will pass under or parallel with the road. 
He should know how rapidly they rise in cases of sudden and 
heavy rains, whether they overflow their banks and to what 
extent, as well as how and where the overflow goes in such 
cases. He will then be able to intelligently design the gutters, 
determine sizes of culverts and bridges, and to know where 
these should be located. 

114. Cotmtry Drainage : — Exceptional Conditions, When 
the road crosses a stream of some magnitude having a wide 
valley subject to floods and inundations, as is not uncommon 
in Oklahoma, special difficulties enter the drainage problems. 
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Where the ground is level and subject to flood mainly by 
back water, an extra number of small cross drains or culverts 
will usually accomplish the desired result. It may, however, 
cost a good deal to raise the grade of the road above flood level 
or to control the flood level by channel improvements. It will 
probably be cheaper to build a road at a lower level, make it 
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flood-proof, and submit to an occasional interruption of traffic, 
than to make a wide detour or go to the great expense of a large 
fill or viaduct. But if the ground is subject to floods running 
at high velocity — a condition which arises where roads cross 
wide level valleys of a considerable stream subject, to severe 
floods — great care is necessary. It may be best to allow the 
flood water to overflow the road at some points, which must 
then be made flood-proof, by paving, rip-rap, or low masonry 
walls. Where such overflow points are provided, they should 



EARTH ROAD CONSTRUCTION 75 

be made long and shallow to reduce as much as possible the 
velocity of the current flowing over them, and be so located 
as to reduce the actual damage to adjacant property to the 
minimum. (See drawings.) 

If the proposed road crosses a narrow valley with a rapid 
stream, it is nearly always best to give the bridge ample water- 
way and fix the grade above the reach of high water, taking 
care to protect all exposed points against erosion. It is better 
to cross valleys if possible where they are narrow and the 
streams rapid. Such conditions reduce the amount of em- 
bankment required and also the span of the bridge. 

115. Surface Betterment. — When new material is spread 
upon an earth road, care should be taken to secure it from the 
best available supply, similar to that already in place. Thus, 
it is not good practice to place gravel in patches upon an earth 
road to fill hollows. Material should be spread uniformly upon 
the traveled way, and should be applied for a considerable 
distance, with the ends of the layer tapered off gradually to 
prevent a new chuck-hole. The scraping grader is widely 
used for siurface improvements. It is designed to simultane- 
ously construct gutters or side-drains and place material for 
the crown in the center. The machine, and its use, is, however, 
too well-known to warrant an extended description here. 

116. Construction by Grader. — In building a new road with 
scraping grader, the blade should plow a furrow about six 
inches deep on the outside line of the ditch, using the point 
only. This should preferably be done on both sides of the 
road. On the second cut, the outside wheels, front and rear, 
should nearly track and the furrow should be the full width of 
the blade, guiding it by the first one cut. On this cut, the 
rear of the blade should be lowered and adjusted so that the 
material taken out will be spread toward the center of the road. 

On the third cut, the grader should be moved toward the 
center of the road so that it will take up the material that has 
been cut on the last round, spreading it over near the center* 
If the cut is as deep as necessary, the rear of the grader should 
be devated so as to let some of the earth distribute under it^ 
to ffve the side the profper crofwn before fillin% vk^ ^xA ^»isk- 
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uniformity in laying out and building work when thereby 
simplicity of construction is furthered, the work of designing 
reduced, and greater efficiency and better workmanship se- 
cured. The first step in the preparation of any design consists 
in defining limits of cost, capacity, foundation conditions, 
materials, and construction plant requirements. For each 
combination of conditions there is perhaps one best plan. If 
the combination is frequently met a standard design leads to 
economy, and one should be prepared and used. 

This text presents numerous Standard Sections and designs 
in the spirit of the foregoing discussion. 

121. Value of Good Appearance. — It should be the effort 
of every one connected with earth-road construction to get and 
maintain the road to true line, grade, and cross-section es- 
tablisht by standard plans in cuts, fills, and on level stretches. 
Of course this gives a true and finished appearance, gratif jdng 
to those who have helped make it, but that is the least of the 
advantages secured. 

In the first place, the full width is available for use, with the 
result that travel has an opportunity to distribute itself over 
the whole crown, thus avoiding cutting it into bad ruts by 
continually using the same track. This reduces the cost of 
upkeep and maintenance. 

In the second place, it increases the safety of travel, espe- 
cially in wet weather, as the crown is evenly and not too 
abruptly sloped, and there is no narrow and impassable ridge 
in the center. 

In the third place, keeping the shoulder line straight makes 
it possible to make and keep a straight gutter with a true 
bottom grade, while it is practically impossible to make the 
gutter-bottom true and evenly sloped if its top is crooked and 
winding. If the bottom is not true, but is full of pockets 
and holes, water will necessarily stand in them, tending to 
soften and damage the sub-grade. 

In cuts, shaping the back-slope carefully is wise and eco- 
nomical, besides greatly affecting the appearance of the job, 
while the remarks just made about gutters apply here no less, 
a/so. If a ragged, steep, turfy bank or slope hangs above the 
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gutter it will be only a short time until the loose material will 
wash down into the ditches, when it must either be removed, 
or, being left, will cause the water to damage the road surface 
either by erosion, or will soften it by standing in pools in the 
clogged gutters. The easiest time to care for this is while the 
cut is being made. It is especially desirable to make the back- 
slope as flat as possible, particularly in cuts of moderate depth, 
so that if possible the weeds certain to grow there can be 
mowed with a machine. A slope of one foot rise to two 
horizontal is regarded as a good practical minimum to work to. 
If these weeds are kept cut, it greatly assists the slope to come 
into sod, and when once in grass this will largely prevent wash- 
ing down into the ditches, and so greatly lessen the mainte- 
nance cost of cuts. 

In this connection, the road-builder will always be repaid 
by assuring himself that his ditches are of ample width and 
capacity. A depth of 2§ ft. is not too much, but the back 
slope should be easy, and the inner slope less than 45 degrees 
with the horizontal. In cuts, the ditches should not be 
simply discharged at the edge of fresh fills, where they are 
certain to do a good deal of damage, but should be carried 
around on the hill-side in an independent ditch cut in sound 
and undisturbed earth, discharging as far away from the fill as 
circumstances will permit. 

The task of smoothing-up a new fill, especially if most of 
the care in distributing the material is put off until the fill is 
practically completed, is by no means an easy one. There 
can be no doubt that care in placing the material fully out to 
the proper slope lines as the fill progresses, keeping the surface 
as level as circumstances will permit, working it out into layers 
and appljdng all available means for compacting the fresh 
material, — all of this care will be amply repaid in the better 
job secured. 

121A. Conclusions. — The earth-road problem today is 
largely a problem of repair and maintenance. No earth road 
will endure travel without constant care. The split-log drag, 
or "Road-Planer,'' or steel scraping-drags furnish the best 
method for preserving road surfaces and esfeefcRi^cMs.^^ ^x^ 
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surface drainage from the traveled way to the side ditches. 
Earth road repairs become umiecessary in proportion to the 
increased care in road maintenance. It cannot, however, be 
expected to start any maintenance upon an earth road until 
it is put into reasonable repair. The repair should follow the 
lines indicated above, that is to say, earth-road repair should 
include some permanent drainage work, the reduction of some 
of the worst grades, the straightening and widening of bad 
curves and bettering the road surface by removing worn-out 
and objectionable material. 



CHAPTER VI 

COST ACCOUNTING AND EARTH-WORK 

When a construction job develops beyond the simplest type an increasing 
number of elements enter in to affect its cost. When clearly recognized, we 
may then begin to keep track of them, and if found too high, steps taken 
for lessening excessive ones. Plainly a classification of cost elements is the 
first step, whether the work is actually going on, or is being planned for the 
future. 

Cost systems aim to find how to get the biggest possible value for every 
dollar spent. In handling earth for building roads, this aim, tho frequently 
entirely neglected, is yet of vital importance. Hence the inclusion of the 
following discussion here. 

The elements of managerial efficiency are suggested, cost analyses of the 
different kinds of road work are outlined, and subjects for further studies 
indicated. A few illustrative road costs are given. And since cost dis- 
cussions are pointless without knowledge of the quatUities handled, ap- 
proximate methods of arriving at earth-work volumes are shown. 

122. GENERAL. — In construction work money is most 
commonly misspent and wasted because: 

a. Those in charge do not know how much the work is 
costing; or 

b. They do not know how much it ought to cost under the 
given conditions. 

While one job may be done much cheaper than a similar 
one elsewhere, the reasons for this difference may not readily 
appear. It will usually be found that the difference is due 
to a variety of factors, not to any single one, and considerable 
skill in analysis may be required to discover which item is 
chiefly responsible for the excessive cost. 

The science of cost analysis consists in discussing the whole 
after it has been cut into the greatest practicable number of 
independent parts, or items, and then giving each of them 
scrutiny and extended observation to see whether it cannot 
be reduced to still lower terms, and lesser cost totals. Thus 
the object of COST ACCOUNTING is to secure knowledge 
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essential to the effective and economical control of mainte- 
nance forces and of construction work. To accomplish this it 
is necessary to establish a suitable system of cost records and 
directions for procedure. Field and office conditions must be 
anticipated as fully as possible and definite instructions govern- 
ing use of forms and methods of conducting work should be 
issued in permanent form for the education of employees. 
122A. General Objects of Cost System. — These objects are: 

1. To ascertain the total and unit-costs of each class of work 
performed, for the purpose of daily checking, and for future 
estimating. 

2. To show the quantity and cost of each class of work 
performed within the boundaries of any road division and for 
any separate road-unit or organization. 

3. To show separately the three main elements of expense 
entering into the cost of each class of work as follows: (a) 
Labor charges; (6) material charges; (c) plant and equipment 
charges. 

4. To show in a comparative way the cost of performance 
of each unit, gang of workmen, plant for producing material, 
etc. 

5. To secure by interpretation of these data knowledge as 
to the efficiency of performance of any road or other forces, 
thus facilitating administrative control; in short, to prevent 
" soldiering." 

6. To show, when taken in conjunction with current con- 
ditions, whether, in service, the public is getting value received 
for the money spent. 

7. To permit a determination of the point beyond which it 
will be undesirable, from an economic point of view, to con- 
tinue maintenance work on existing roads, or to tell when 
replacement of road surfaces, or of machinery, or of tools in 
use, or changes in general methods of doing work, must be 
contemplated. 

8. To get such data so promptly that defects in manage- 
ment may be detected and remedied before the money is gone, 
i.e., to avoid present leaks, — post mortem examinations are of 

J/ttJe effect 
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123. Value of Earth-work Costs. — Why should the road- 
builder care what earth-work costs, and what is meant by this 
phrase? By "earth- work" is meant the digging away and cut- 
ting doiyn of the earth, gravel, or stone on the hilltops and 
moving it down to the low places, thereby improving the 
grades, and increasing the loads which may be hauled over 
the road. Past experience shows that untrained road-builders 
are usually unable to intelligently estimate what a given . 
grading operation will cost. Frequently they have arrived at 
the end of the available money, long before the job is done, 
sometimes with the undertaking scarcely more than well begun. 
As the part done was planned to fit work which was not done, 
the public is more likely to suffer inconvenience than benefit 
by the attempt to improve. Perhaps completion requires a 
much greater sum than is economically justified. That is to 
say, with $800 such a man would undertake to do a $3500 job, 
and of course miserably fail, — to the great detriment of the 
traveling public and waste of the tax-payers' money. 

124. — Likewise, where the work is not heavy but consists 
of relatively small quantities of material over considerable 
areas, among untrained workers not fully posted as to what 
such work is costing, or should cost, the tendency is to waste 
a great deal of money. Is it then difficult to estimate roughly 
at least what earth-work should cost? No! We will consider 
the leading factors entering into earth-work costs and show how 
the quantities involved can be roughly approximated. But 
before doing so let us consider briefly the managerial elements, 
or a few points requisite to the successful handling of gangs 
of men if a maximum output for the wages is to be obtained. 
This does not suggest that men should be rushed, or crowded, 
or in any way abused, but means that if they are intelligently 
directed they will accomplish much more and with less effort 
then if they are not. We quote in part from the foremost 
authority: Gillette's " Cost Data: " 

126. " Co-ordination. — Observation of almost any piece of 
construction work in progress will show that most of the men 
spend considerable time waiting either for somebody else to 
do something, or for materials to arrive befot^ l\\e^ ^^^xn. ^'^^^ 
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ceed. The cause is improper co-ordination of the work. In a 
sequence of operations one gang may have too many men and 
working considerably faster than another, is continually 
catching up with it. They will then adopt a slower pace, 
keep seemingly busy, and manage to kill a large percentage 
of their working time. These delays are chargeable to lack 
of co-ordination, although a careless inspection of the work 
may seem to indicate that everything is going smoothly. 
A job can look smooth and at the same time be so badly co- 
ordinated as to be uneconomical." 

To illustrate, the following is extracted from a State En- 
gineer's Report: 

"A complete record of all concrete culvert work was kept, which shows clearly 
where the contractor's losses occurred, as follows: 

Constant delay on account of lack of material, sand and gravel, and some- 
times lumber, was a never-ending source oiF trouble. The cost of concrete culvert 
and head walls was excessive for various reason^, namely: 

High cost of sand and gravel. 

Long team hauls over rough roads. 

Wagons loaded lightly and teams working under Hme. 

Inefficient foremen and men allowed to work under time. 

Long haul for water in some cases. 

Too many men in some cases, excavating, concreting, etc., getting in each other's 
way. 

Common labor, with p>oor tools, used on forms, instead of carpenters. 

Lack of organization.'' 

126. Reward Increasing with Increased Performance. — Pay 

should be proportionate to the work done. This is the funda- 
mental law of economical production. When ignored — and it 
is partly ignored on practically every class of work — the pro- 
ducer ceases to take keen interest in his work. Under the 
common wage system of payment, one brick mason receives 
as much as another, regardless of skill and energy. Individual 
incentive is lacking, save as it is supplied by fear of discharge. 
When laborers, working under the ordinary wage system, are 
put at the task of shoveling earth into a wagon, each man 
seeks to do as little as his neighbor, and the slowest becomes 
the pacemaker for the rest. Such ambition as any individual 
may possess is stifled by the knowledge that his increased out- 
/>ut will never he known by his employer, and consequently 
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never rewarded. Moreover, an ambitious man in such a gang 
is chided by his fellows who warn him not to set a "bad ex- 
ample" by working himself out of a job. 

127. Gang Efficiency. — Where the construction work on 
public roads in a county or district is sufficient to extend over 
a series of years, it is possible to get squads of roadmen trained 
so that they become very efficient and considerable rivalry is 
often aroused between them both as to the amount of road 
they can construct within a given time and the quality of the 
work done. The foremen often become interested in this rivalry, 
and the result is a more personal interest of the foremen and 
roadmen in the work that they are doing. A system of special 
rewards for meritorious work can here be used to great 
advantage. 

128. Executive Results of Cost Keeping. — As showing more 
in detail what may be expected from an adequate system of 
cost records, the following is quoted, in part, from Gillette and 
Dana's " Cost Keeping and Management Engineering." It is 
merely another summary of general principles. 

" The two primary objects of cost keeping are: 

(a) To permit an analysis of unit-costs which will lead to 
securing the minimum cost possible of attainment under exist- 
ing conditions. 

(b) To provide data upon which to base estimates of the 
probable cost of projected work. 

Probably the former aim is the most vital one, unless con- 
tract-work is specially under consideration. However it is to 
be accomplished, the system of analysis should provide a way 
of knowing whether a job is costing more than it should or not. 
This should be emphasized, for in no other way can we tell if 
money is being wasted. And this applies equally to all sorts 
of jobs, even to the simplest. 

As a result of analyzing unit-costs, and comparing them with 
corresponding costs of similar work previously done, a manager 
or executive may discover such things as the following: 

1. Excessive use of materials in erecting a given structure. 

2. Excessive use of supplies (coal, oil, gas, waste, etc.,) in 
operating a plant or machine, say a trax;:tioii ^ivj^x^^'^s^^^ISs:^^ 
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ing whether this excess is due to ignorance, carelessness, or 
theft. 

3. Inefficiency of workmen. 

4. Inefficiency of foremen. 

5. Padded payrolls. 

6. Excessive loss of time, due to: (a) plant breakdowns; 
(6) plant shifting; (c) waiting for materials or supplies, 
etc. 

7. Improper design or arrangement of plant, etc. 

Cost keeping also leads to the introduction of piece-rate 
or bonus systems of payment, which may in fact be said to 
be one of the ultimate objects of cost keeping. Systematic 
analyses and study of costs leads inevitably to a study of the 
reasons for differences in them, which in turn, is the first step 
toward inventing new machines and methods for reducing costs. 
Cost keeping should generally require daily reports by which a 
superintendent can gauge the daily performance of his organ- 
ization, thus permitting him to discover inefficiency promptly." 

129. Beginning Cost Records. — When cost keeping is be- 
gun, it is well to start in a small way, taking some particular 
kind of work, like teaming, to say concrete-mixing, or the 
mileage done by a grader, etc., and applying a system of daily 
reports to it. When this branch of work has been analyzed 
and put upon a satisfactory basis, some other feature may be 
taken up, thus developing a cost system gradually and effect- 
ively without disorganization. Such cost keeping records 
should carefully state conditions y such as weather, distance 
hauled, facilities for loading and unloading, unavoidable waits, 
etc., and whether the figures are for the beginning or ending 
of the job. All of these, and similar details, are essential to 
a correct interpretation of results. 

129A. Hauling Costs: — Example of Analysis, — Builders of 
roads and pavements have long realized that a very large item 
of cost is incurred in hauling materials. There are numerous 
elements affecting this cost, and these will vary widely with 
conditions and localities. With suitable records, however, it 
is possible to make a reasonably correct allowance for them, 
and. so ariive at a fair estimate in, advance upon which, for 
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example, intelligent judgment whether to accept or reject bids 
may be based. 

Thus Mr. T. R. Agg, a painstaking observer prominent in 
Iowa road work, points out that the cost of hauling varies with 
the following factors: 

1. Length of haul. 

2. Rate of travel of outfit used. 

3. Amount of time lost loading and unloading. 

4. Time lost on account of bad roads. 

5. Capacity of outfit per trip. 

6. Cost of operating the outfit. 




Commenting on these points at some length, he suggests 
the following as typical figures in the various groups. As such 
they will prove useful in checking and analyzing costs in a 
case under observation. 

Under (2), teams average 25 miles, tractors 3, motor-trucks 
and industrial railways, 10 miles per hour, returning empty 
in each case. 

Under (3), hand-loading takes longest, and bins or similar 
special devices are essential as the plant becomes more ex- 
pensive. Teams average a loss of 18 minutes, motor-trucks, 
loaded from bins, 6 minutes, and traction outfits or railways, 
30 minutes. 
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Under (5), teams haul about 2 tons, motor-trucks 5, tractors 
15, and railway 20 tons each per trip. With this it has been 
found that a fair figure of costs of operation are for: Teams, 
SO cents per hour; motor-truck, $2; tractor outfit, $3; and 
railway, $4 per hour. 

As has just been said, the cost of hauling is made up of all of these items, in 
many p>ossible combinations. The diagram herewith is probably a fair indication 
of their combined value under average conditions. It especially indicates the 
economic limits of hauling-distance imposed upon each type of equipment. A 
contractor could not safely base his bids upon the costs shown, but should prepare 
a similar figure for himself. A road-official, however, could use it as a means 
of intelligent checking in cases arising imder his jurisdiction. Note that the first 
figure compares the cost of hauling, while the second compares the amounts de- 
livered at different distances. Mr. Agg is careful to point out, however, that the 
factor of superintendence or managerial efficiency is not and cannot be shown 
on these curves. A good man wiU doubtless make a substantially better showing 
than this; the performance of a poor one would probably fall considerably bebw 
with resulting increase of costs. 

130. Auto-trucking. — A recent instance in Maryland gave 
a cost of 8| cents per ton-mile for hauling crushed stone, or 
33 cents for four miles, with auto-trucks. A fair estimate for 
teams to do the same work would be 70 cents, or more. But 
this contractor ran five trucks continuously thru the 24 hours. 
This is the most favorable condition for economy with this type 
of equipment, since in this case the interest and depreciation 
costs on the plant in use was about $16 per day, whether used 
or not. It is, however, very easy to underestimate the cost 
of motor-trucking, with consequent disappointment when 
actual costs are counted up. 

Economy in Lighter Equipment, — When planning to do 
power-hauling the relation of the proposed loads to the roads 
over which the hauling is to be done must be taken into 
account. While in theory the larger the carrier and the heavier 
its load the cheaper will be the unit-cost per ton of material 
moved, in practice the load will be limited by the character of 
the road. If loads are too great, enormous maintenance 
charges will be required to keep the roads passable. In other 
words the loaded units must frequently be smaller and lighter 
Iban would otherwise appear to be necessary to have them. 
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Motor-Trucking and Road Surfaces. — The relation of motor-trucking to 
ordinary road surfaces is constantly requiring study and attention, especially 
where general freighting is done. The rapidly moving pleasure auto having 
large roimd pneumatic tires, which flatten slightly when in contact with the 
road surface, has been observed to have a scrubbing or scouring action, strip- 
ping the surface, but not disturbing the bottom layers of the road surface until 
the top layers have been removed. 

On the other hand, the motor-truck, when it has common solid rubber tires, 
often approaching in ^ape a blunt wedge, drives them into the road by its great 
concentration of load, often as much as two tons per wheel. These have a very 
different effect. Such tires have been observed to exert a p)owerful shearing, or 
downward-cutting action upon the road-crust, soon penetrating dear thru it and 
deep into the subgrade. The road-crust must therefore have great strength 
and be able to withstand this very destructive action, distributing it over a suffi- 
cient soil-area. A concrete base under some form of block pavement, as 'brick, 
wood, or stone, or in a pavement entirely of concrete, performs just this function. 
By the same reasoning, the early destruction under such traffic of improved earth, 
gravel, or macadam roads is certain. It is clear, therefore, that to build any of 
these inferior types where it is known in advance that an appreciable amount of 
such traffic will come upon it is a pilain waste of public money, for none other than 
the strong and expensive pavements mentioned can hope to successfully with- 
stand it. 

131. Estimating Quantities. — Illustration. Take for ex- 
ample a cut in the top of a hill. How many cubic yards in a 
section 25 ft. long when the cut is 12 ft. deep, and the roadbed 
is 24 ft. wide. We will consider that the sides of the cut are 
sloping out at an angle of 45°, or as the engineer says "one to 
one," meaning that the slope falls back horizontally one foot 
for every foot of rise. If we now think of a cross-section at 
one end of our 25 ft. section, we shall see that its central por- 
tion is a rectangle 24 ft. wide and 12 ft. high, containing 288 
sq. ft. To the right and left of this section will be the 
area representing the material taken out to make the side- 
slopes. It will be seen that the tops of the slopes, that is, the 
points farthest from the center, are where the original surface 
is cut, and will be 12 ft. away from a point over the gutter, 
or foot of the slope, and the same point is 24 ft. away from the 
center-line of the road. In the cross-section, therefore, there 
is a triangle which lies by the side of the rectangle first con- 
sidered, which triangle is 12 ft. wide and 12 ft. high. As the 
area of a triangle is one-half the product of its base by the 
altitude, the area of this triangle is 6 x 12, or 72 sq. ft. If this 
represents the side-slope material on the left of the road^ thfise. 
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is the same on the right, so another 72 sq. ft. must be added, 
giving a total of 432 sq. ft. as the total area of the cross-section 
at the point selected. 

This computation has assumed that on both sides of the 
road the original ground surface is level. Now as we move 
along the road 25 ft. we shall find another cross-section exactly 
like the one just described and of equal area, that is 432 sq. 
ft. Engineers use for the volume of such a solid the " Average- 
end- area method," meaning that one-half the sum of the two 
end areas is multiplied by the distance between them measured 
along the road. Since we have assumed that the road is level 
for 25 ft., the volume will be obtained by taking 432 ft. (the 
average-end-area) times 25 ft. (length of the solid), giving 
10,800 cu. ft. Dividing by 27 (cu. ft. in a cu. yd.) gives exactly 
400 cu. yds. as the volume of earth in our 25 ft. section. If 
therefore it would cost 50 cts. per yard to move this material, 
$200 would be needed for the job, or as it happens $8 per run- 
ning foot. It is plain also that if by careful management this 
cost could be reduced to 30 cts. per cu. yd., a considerable saving 
would result. This is about the simplest possible case and 
we will next consider one whose elements are not quite so simple. 

131A. Non-level Cross-section. — Suppose a road requires 
a cut of nine feet on the side of a hill. The roadbed is to be 
22 ft. wide, the side-slopes are i^: i, i.e. for each one and a 
half foot horizontally the rise is one foot vertically. The hill- 
side, in this case, is not level across the road, but slopes down- 
ward to the left at the rate of 2 ft. for each 11. Hence the 
cut at the left gutter is 7 ft.; at the center, 9 ft.; and on the 
right gutter 11 ft. It takes a working knowledge of higher 
mathematics (whose explanation will not be attempted here, 
to find by computation where the side-slopes of the road run 
out, or cut the original surface of the ground. The engineer 
finds where the slope-stakes should be set by trial with his in- 
struments on the ground (a relatively simple matter) but we 
must have recourse to still another method here, viz. : that of 
plotting the desired cross-section of the road. One easy way 
uses "cross-section paper" which is ruled into little squares, 
say of y sides, and each square is taken to represent a foot, by 
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its sides, hence a square foot by its area. Hence if upon such 
paper the various dimensions and slopes of the road cross- 
sections are laid off, or plotted, then the number of squares, 
or fractional parts included within the boundaries of the sec- 
tion, represent the required area in square feet of the cross- 
section. 

This process must be repeated at every cross-section whose 
area is desired, and then the average-end-area method of get- 
ting the volume applied as just explained. 

Still another method, similar to the last, uses plain paper 
to plot the cross-section on, but lays the work off to some 
lineal scale, as f = i ft. with the angles and slopes as noted. 
In this case the needed dimensions of the triangles required 
can be scaled in the same units, and the area found as before. 

• Applying this method to the case just put, it is found that the up-hill slope- 
stake is 32 ft. from the center-line, while the down-hill stake is only 17 ft. from the 
center. Similarly the area of the left triangle is about 27 sq. ft., of the central 
part, 198 sq. ft., and the right triangle 126 sq. ft., making a total area of 351 sq. ft. 
for this section. 

Of course many more complicated features are met in prac- 
tice than those described, and the engineer also has other 
methods of dealing with them, but enuf has been shown to 
enable one, otherwise inexperienced, to calculate the volume 
of earth-work in an ordinary cut with considerable certainty 
and accuracy. 

In cases where the cut ranges from a few inches to a foot, 
where the work is done for example with a scraping grader, 
it is practically impossible to compute the exact yardage, — 
in fact it is hardly ever desirable to do so. As suggested else- 
where, however, costs are almost certain to creep upward 
unless checked against quantities of work done. Hence in 
such cases, also, fairly close estimates of earth-work can be 
made by the methods shown, and valuable figures for compari- 
son be obtained. 

132. Cost of Excavation (Arts. 132-7 based on Gillette): 
— Kinds of Earth, — Earth may be divided into three classes 
as regards difficulty of excavation: (i) Easy earth; (2) 
average earth; and (3) tough earth. To the first class belong 
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loam, sand, and ordinary travel, which require little or no 
picking to loosen ready for shoveling. To the second class 
belong sands and gravels impregnated with an amount of clay 
or loam that binds the particles together, making it necessary 
to use a pick or plow drawn by two horses to loosen the earth 
before shoveling. To the third class belong the compact clays, 
the hardened crusts of old roads, and all earths so hard that 
one team of horses can pull a plow thru the earth only with 
greatest difficulty, but that two teams of horses on one plow 
can loosen with comparative ease. 

Work of Teams. — The loads that a two-horse team can haul 
(in addition to the weight of the wagon) over different kinds of 
roads are as follows: 

Short Earth, 

tons. cu. yds. 

Very poor earth road i.o 0.8 

Poor earth road 1.25 i.o 

Good hard earth road 2.00 1.6 

Good clean macadam road 3.00 2.4 

133. Cost of Plowing. — A team on a plow will loosen 500 
cu. yds. of loam, or 350 cu. yds. of loamy gravel, or 250 cu. 
yds. of fairly tough clay, per lo-hr. day. For "average earth," 
therefore, assume 350 cu. yds. per day loosened by a team and 
driver and one man holding plow. With wages at $3.50 for 
team and driver, and $1.50 for laborer, the cost of plowing 
average earth is i^ cts. per cu. yd. 

In plowing very tough material with a pick-pointed plow, 
four horses and three men, estimate 180 cu. yds., plowed per 
day at cost of 5 cts. per cu. yd. 

Cost of Picking and Shoveling. — The cost of loosening with 
a pick and shoveling into wagons is as follows, wages being 
25 cts. per hour: 

Per cu. yd. 

Easy earth, light sand or loam 20 cts. 

Average earth 25 " 

Tough clay 33 " 

Hardpan 66i " 

The amount of earth that a man can load with a shovel varies 
with the character of the earth, the way it has been loosened, 
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the size and shape of the shovel, etc. If a man is shoveKng 
earth from the face of a cut that has been undermined and 
broken down with a pick, he caii readily load 18 cu. yds. per 
lo-hr. day, after the earth has been loosened. If he is shoveling 
plowed earth, where he must use more force in driving the 
shovel into the soil, he will easily load 14 cu. yds. of average 
earth in 10 hrs. If he is shoveling loose earth off boards upon 
which it has been dumped, he can load 25 cu. yds in 10 hrs., 
but it is not wise to count on more than 20 cu. yds. even under 
good foremanship. 

134. Cost of Trimming, Rolling, etc. — After earth has been 
dumped from carts or wagons, a man will spread in 6 in. layers 
by hand 75 cu. yds. in 10 hrs. at a cost of 3^ cents per cu. yd. 
A leveling scraper, or road machine, will spread large quan- 
tities of earth for i ct. per cu. yd. With leveling scraper 
operated by a team and driver and a helper, 5cx) cu. yds. may 
be spread per day. A road machine, operated by 6 horses 
and 2 men, will spread 900 cu. yds. in 10 hrs. in 6 in. layers, 
earth having been dumped from patent dump-wagons. Em- 
bankments can be consolidated with horse-drawn rollers for 
J to I ct. per cu. yd., wages of a team being $3.50 a day. 

135. Cost by One-horse Carts. — If the wages of a horse are 
$1 per lo-hr. day, and the wages of a driver are $2.00 a day: 

Rule: To fixed cost of 22 cts. per cu. yd. add f ct. per cu. 
yd. per 100 ft. of haul. 

If the material is plowed, and is shoveled easily, the fixed 
cost may become 15^ cts. per cu. yd. instead of 22 cts. 

Cost by Wagons, — If we assume this cost to average 16 cts. 
per cu. yd., where the earth is plowed, and add 6 cts. for lost 
team- time and dumping, we have a fixed cost of 22 cts. per cu. 
yd. Then the cost of hauKng will depend upon the size of the 
load, and, assuming wages of team at 35 cts. per hr. and speed 
of travel 2^ miles an hour while actually walking, we have the 
following rule: 

Rule: To a fixed cost of 22 cts. per cu. yd. add | ct. per cu. 
yd. per 100 ft. haul when the wagon load is i cu. yd. 

136. Cost by Wheel and Drag Scrapers. — Cost by wheel 
scrapers varies according to the size of the bowlo{ tl\fcs<3.'M^"<«.^ 
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but should be about lo cts. per cu. yd. for loo ft. "lead" and 
say 3 cts. for each additional loo ft. hauled. 

If the average load of a 
drag scraper is -f cu. yd., 
hauled at a speed of 2 20 ft. 
per min., the cost of hauling 
is 4^ cts. per cu. yd. per 100 
ft. of "lead." Note that 
this "lead" is measured on 
a straight Une from the 
center of pit to center of 
dump. The rule, then, is as 
follows for "Average earth" 
when team wages are 35 cts. 
per hr.: 
Rule: To a fixed cost of 9 cts. per cu. yd. add 4^ cts. per cu. 
yd. per 100 ft. of "lead." 

137. Loading Methods. — The use of steam shovels has thus 
far been limited on road work. In general, they require a 
large investment, use skilled labor, and have a heavy over- 
head expense covering installation, moving, etc. They are 
well adapted to very heavy work, and might be economical for 
loading very large quantities of material at one place. The 
cost of moving and operating the large machines precludes 
their use on road work, but of late several manufacturers have 
given special attention to a light and very portable machine 
running on its own power, on wide traction-engine wheels, and 
designed especially for road work. These machines are eco- 
nomical, it is claimed, for very light cuts, even as low as one 
foot of depth, particularly those machines possessing a hori- 
zontal crowding-motion on the dipper. 

For loading earth from a road surface, the elevating grader 
is most economical, particularly on long hauls where dump- 
wagons are available. A less pretentious, but still effective 
device consists of a skidway up which scrapers can be drawn 
and dumped into wagons, or a platform with trap-door under 
which the wagons stand to receive scraper-loads. Where 
there is any considerable amount of hauling to be done, careful 
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study should be given to the loading methods, as observation 
shows there is often great loss of time and expense at this point. 
Loading- bins with belt or other conveyor devices have 
been very successful in large gravel-handling jobs, and when 
it is screened in the operation a uniform material is furnished 
which, tho costing a little more, may well be worth the extra 
expense in its possibilities of better road construction. 
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138. Minnesota Road Costs. — Following are total amounts 
and costs of certain classes of work done under supervision of 
the Road Department during 1914. 

Average 

aearing and grubbing 3694,i»o acres. cost ( 197,312.01 % Si-°° 

Ditching 4'3Q.9S miles " ig4,6g6.i4 47413 

Gradmg 2150.87 " " 1,478,8*6.56 687.50 

Gnveliiig 537-43 " " 366,892.73 681.40 

Macadam 295 " " 83,988.60 2,847-'» 

On state roads and culvert work Minnesota has the following 
amounts reported: 

aearing and grubbing 912.50 acres cost $ 45,683.20 $ 50.00 

Grading &37.47 miles " 792|394-Si i, 343.00 

Tumpiking 466.53 " " 110,114.80 236.71 

Graveling 276.46 " " 239,945.19 1,089.20 

.Saad-day - * 14-07 " .; .- -" w,ft^.=,^ -^5*»i*& 



CHAPTER VII 

EARTH ROAD MAINTENANCE 

The secret of good roads at little cost is chiefly one of maintenance. It 
must be continuous, intelligent, and systematically planned and admin- 
istered. To secure good results over a large area, there must be an 
effective centralized organization for maintenance, no less than for con- 
struction. Specialists in maintenance are needed. The theory, practice, 
and limitations of road dragging are discussed at length with a summary 
of experience in the use of this modem method of maintaining the dirt 
road. This outlines the content of this chapter. 

139. Maintenance. — Who erects an expensive building and 
does not expect to paint it occasionally, mend its roof, or make 
occasional minor repairs? Even if it is a cheap structure, must 
we not expect to repair or renew it occasionally? And such 
repairs and renewals will cost more than if a more substantial 
and expensive structure was first built. Then why expect a 
roadway or pavement, of any type or cost, to take care of 
itself? With highway traffic yearly increasing, experience 
plainly shows that maintenance should begin from the day of 
first completion of the road. " A stitch in time saves nine, — " 
It's cheaper, too. 

The construction of any kind of a road presupposes estab- 
lishing a repair and maintenance fund. The public and road- 
of&cials in this country have often been sadly neglectful of the 
calls of existing roads for renewals and upkeep. Neglect of 
repairing the cheaper forms of road construction has done 
much to discredit them with the public, and has frequently 
led to a clamor for high-class and costly pavements not war- 
ranted by the facts. As it often leads to the construction of 
a more costly pavement than the situation justifies, this im- 
poses an unnecessary burden on the tax-paying public. It 
also leads to a great curtailment of the mileage constructed 
,ajid in the n\xwbti of people benefited by the improvemieiit 
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140. Justifying Expenditure. — The real question is, must 
we spend as much as we think to get something that will serve 
adequately? In road work there is always some other method 
or material almost as good, or a little less expensive than the 
one we have in mind, or would like to adopt. Usually a low- 
cost road well-maintained is much cheaper than the high-priced 
work tho it takes but little for maintenance. This is because 
there is a big annual interest charge against the costly road, 
while the cheap one represents but a smaU investment. Are 
we getting the most possible on our investment? 

This is a common situation. A lot of money, raised by tax- 
ation or bond issues, is used to build a road which serves the 
comfort and convenience of the community. Having thus 
been made much better than the adjacent older highways, 
it generally attracts travel from them, and the traffic over the 
new road becomes greater than before improvement. Then, 
irrational and unwise as it undoubtedly is, this splendid new 
roadway, with its heavier traffic, subject to deterioration by 
weather and use, is absolutely left to shift for itself, while the 
attention of the road authorities is turned away and concen- 
trated on some other piece of new construction. 

The result, of course, is what might be expected. Soon little 
defects appear, and once started, these rapidly grow serious. 
If the neglect continues, it will be but a short time until the road 
is substantially as bad as before the improvement, and a very 
large part of the expenditure has been practically wasted. Nor 
does a little ill-considered patching once or twice a year amount 
to anything. Continuous inspection and repairs is the only 
keynote to success. 

It is indeed a marvelous commentary upon the intelligence 
of the American tax-payer that for more than a century he 
has put untold millions upon the roads in precisely this unpro- 
ductive fashion! Can't the national mind be awakened from 
its lethargy to the question, "Why is the maintenance of our 
roads neglected and inferior to that of other countries?" 

The answer is simple: In this country, road construction 
has been allowed to interfere with and prevent proper roaxl 
maintenance. In a new country, the consttMcXiaw oil x^^'^^ ^ 
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some kind is first necessary, and of absorbing importance. 
In a country as vast as this, it has been impossible to construct 
all the roads demanded as fast as they were needed. 

141. Worth Having — Worth Saving. — There has been a 
tendency to utilize all available funds for construction work, 
leaving the roads already built to shift for themselves. This 
is a wasteful and expensive policy, and retards good road con- 
struction. Provision should be made for the upkeep of a road 
just as soon as it. is completed, and the funds provided for 
maintenance should not be allowed to be used for any other 
purpose. Maintenance is perhaps, the hardest problem to be 
solved at the present time in connection with pubhc road work, 
but its correct solution vitally affects the success or failure 
of road work generally. 

142. Centrsdization Needed. — Viewing public roads as a 
whole the defects of small administrative units are conspicuous. 
The number of men who have more or less authority and per- 
sonal direction over road matters in this country is extraor- 
dinary. Continuity of policy is impossible. The term of 
these men is but a year or two, and rotation in office is the 
usual rule. Thus, just where the stimulus of effective organ- 
ization is most needed it is absent. The only successful at- 
tempts at systematic repair and maintenance on record are 
those which have been managed with skilled and strong central 
control. The systematic employment and retention of trained 
highway engineers has been found essential. Almost without 
exception, those States which have undertaken State Aid in 
any form for road-building have, in their annual reports, re- 
iterated the necessity of removing the responsibility for repair 
and maintenance of such roads from local authorities. In a 
number of States this change has been made, and the results 
have been an immediate improvement. 

143. Competency the Kejrword. — The rapid deterioration 
of our roads has been especially noticed by the automobilist, 
and he specially questions its cause and remedy. Where for- 
merly in many sections, road-building was considered work that 
most anybody could do, and any surveyor could locate a road 
satisiactoiily, it is now realized that road-building is a profes- 



EARTH ROAD MAINTENANCE loi 

sion, the supervision of which requires the services of a compe- 
tent, well- trained road engineer, who is capable of seeing: 

1. That the road is located in the right place. 

2. That it is graded properly. 

3. That it is thoroly drained. 

4. That it is surfaced with material adapted to its traffic. 

5. That culverts and bridges are of the right size, in the 
right places, and built of suitable material. 

6. That an economical method of maintaining the road is 
put into force. 

The solving of these problems requires skilled and capable 
men, especially when a minimum amount of money must 
accomplish a maximum amount of work. 

144. Training Needful. — A fundamental difficulty with the 
organization to handle the repair and maintenance of road 
systems lies in failing to recognize that road work is a trade, 
and requires training. This is necessarily obtained at the ex- 
pense of the community. Actual practical experimentation 
must supplement even tJie best theoretical knowledge. As a 
rule, officials are not in office long enough to mature their 
experience, and hence there is a constant waste of road 
funds. 

Repair and maintenance operations upon all public roads 
necessarily extends over a period of years. In order to secure 
their eflFective execution, a comprehensive plan for several years 
is necessary. The work for each season must be carefully laid 
out as far in advance as possible. Where maintenance work 
has been seriously undertaken under such a system it has 
responded with gratifying results. 

145. Continuity in Service. — Does a manufacturing plant 
get best results by periodically employing all new men? The 
best results follow in an administrative district where the mile- 
age of roads requires the continuous employment of a man who 
is either a highway engineer or a competent road-builder, whose 
interest is primarily in road work, and who has actual charge 
of road matters in his district. Where such a man is employed 
from year to year he can select competent men for road work, 
and is able to plan with confidence systematic improvemants. 
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which must wait for successive annual appropriations. The 
community thus invariably gains the benefits of the experience 
it has paid for. 

146. Maintenance Plans. — Individuals to carry on main- 
tenance work should be selected simply and solely for economy 
and efficiency. But though such selections are made with 
the intention to select the best possible men for the place, the 
lack of definite agreement with some higher authority as to 
what, where, and how the work should be done, and the char- 
acter of results required, it happens that the work is performed 
when it best suits the individual who has it to do. That is, he 
will work on the road when he has nothing more important 
on hand, and as he is the judge of the relative importance of 
the work before him, he very naturally puts his personal in- 
terests above those of the community. Under this neglect of 
the road inferiority of results is bound to occur. 

Another system of so-called "maintenance" appoints an 
individual for a considerable section of the highways in a terri- 
tory covered by the central authorities, and places to his credit 
a limited, but often fairly large sum (a portion of the general 
road funds) to carry on repairs to the roads in his section. 
Sometimes this man receives no salary, or only a nominal one, 
for his services. In this case, the objections just stated apply 
with equal force. 

Under another plan the district or sectional authority is 
paid a sufficient salary for the time and services required. 
Even with proper pay the conduct of the work is in most cases 
uneconomical, inefficient, and unsatisfactory. The usual pro- 
cedure has been to get together a gang of men and teams and 
start out over the roads either before the time for farm work 
to begin in the spring or after the harvest in the fall. Taking 
the roads consecutively, it is attempted to do the year's work 
all at one time, and that a very short time. The repairs are 
intermittent and irregular, instead of constant, regular, and 
careful. 

147. Essentials of Scheme. — Of the methods in vogue in 
various sections of the United States, some work satisfactorily, 
and others do not. The main requirement is that the road 
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shall be repaired at the time it needs it, and without any un- 
necessary delay, recognizing that the maintenance can be done 
cheaper and to better advantage, if the road is repaired just 
as soon as it begins to deteriorate. It is just as necessary to 
inspect the public road at definite intervals as it is to inspect 
railroads; and the best results can be obtained where a definite 
length of highway is under charge of a supervisor who has 
authority to hire extra hands when necessary to repair any 
exceptional damage that has been done, either by heavy rains, 
washouts, or heavy traffic. These supervisors should be under 
the control of the county or district engineers or superin- 
tendents, and be provided with all necessary tools and supplies 
with which to repair the road under their charge. The super- 
visor can also notify the superintendent of needed repairs 
which the supervisor is unable to make himself. 

148. Continuous Maintenance the Ee3mote. — No man can 
"Serve two masters" properly. A man cannot run his farm 
and at the same time properly attend to maintaining several 
miles of highway. The interests and demands of the two 
kinds of business conflict. When it is good weather to work on 
the roads, it is also good weather to farm. When the weather 
is bad for farming, it is against the interests of the road to 
"put in time" for farm labor and horses on them. There is 
one exception to this, but it does not materially affect the rule. 
That exception is in using the road drag. Being convenient 
to his road with his team, the time for the drag's best use is 
when weather conditions permit a team to be well spared from 
the farm work. Thus the farmer can be of valuable assistance 
in the maintenance department of a country road system, but 
if he wants good roads generally, and efficient expenditures 
made, specialists must be employed. He must usually be 
content to occupy this small but important place in a county 
road department. Doing this, he will be well repaid in the 
results. 

149. Systematic Effort. — The Highway Commission of 
Ohio, 1 91 3 Report, has the following remarks on system: 

"In each township or group of townships sufficient to war- 
rant it, there should be a road superintendent dfcNQNxcvj^\s>fi> 
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entire time to the work, at a salary adequate to secure the 
services of a competent man. Upon him should rest the 
entire responsibility for the proper maintenance and repair 
of the roads within his district. 

"The method of working out the road tax whereby each 
person works under unskilled management accomplishes but 
little good. The work should be under the supervision and 
direction of an experienced man, with the necessary permanent 
laborers under him, thus preventing an entire change of force 
every day or two." 

" If more than dragging the road is contemplated, a definite 
plan of permanent improvement should be adopted and, if 
followed thru a period of years, a system of good roads will 
result. Cut down the steepest grades, and grade up and im- 
prove the cross-sections of the worst portions of the roads 
first, giving due consideration to the amount of travel on the 
road." 

150. Maintenance with Scraping Graders. — Where there is 
a considerable mileage of earth roads, the scraping grader is 
often found to be more economical than the road drag. Work 
should be started in the late spring after the worst rains are 
over, and after the ground has dried out fairly well. The 
ground has then settled after the expansion due to freezing and 
thawing out, and is in the best shape to be worked. Then the 
grader can be used to the best advantage, and the machine 
should be run over the road, starting at the ditches and working 
towards the crown, as in new road construction. Set the blade 
so it will just plane off all ridges, and fill the ruts worn in the 
road during the winter and early spring. Use the entire width 
of the blade in maintenance, set square across the road. This 
will carry considerable earth alone in front of the blade, and 
fill the ruts better than if the blade were set at an angle. All 
depressions will also be filled up, and very little earth will be 
worked toward the center of the road. This is correct as 
only enuf earth is wanted on the crown to replace what has 
been washed down by the rain. 

Don't wait too long before starting this work, or until the 
road is so dry that it is impossible to compact the material 
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moved in leveling-off. This does not mean that the road 
should be soggy and soaked. A good rule to follow is that if 
the surrounding fields are a little too wet to properly work, the 
road can be worked to the best advantage. 

A scraping grader can also be used during the summer in- 
stead of the drag if the road gets rutted and in bad condition. 
Such work should, however, always be done soon after a rain. 

151. Cost. — The cost of repairing roads in the spring with 
the scraping grader is small. The money that is wasted in 
five years in almost any community would usually pay for the 
necessary grader. Its repairs and depreciation are compara- 
tively small. Four or six horses will be required, according 
to the conditions of the roads. With two teams and drivers 
at four dollars per day each, and a man operating the grader 
at two dollars per day, the maximum cost would therefore be 
but ten dollars per day for four horses and three men. This 
outfit should average three miles a day, allowing for bad 
weather, so that the cost per mile would be only about $3.33, 
and if repairs are included, the cost would not be over $3.75 
per mile on the average. 

162. Road Patrols. — Minnesota has a road patrol system. 
One man is appointed for a section of about six miles. He is 
provided with a wheelbarrow and kit of tools, rake, shovel, 
pick, scythe, axe, or whatever may be necessary for this work. 
Such a man is generally selected, not because of his superior 
qualifications as a road-builder, but because he will obey orders 
and work without being watched. These road patrols wear 
a brass hat plate, with "State Road Patrol" thereon, which 
permits them to be identified by travelers and seems to en- 
courage them to take an interest in their work. The pay is 
$55 per month, from April ist to November 15 th, depending 
on the weather conditions. The plan is to have the patrol 
on the ground while the water is going off in the spring, and to 
keep him until after freezing-up in the fall. Some modifica- 
tion of this plan might become necessary under different local 
conditions, but the general plan widely applied is one that would 
result in vastly improved road conditions and would be more 
satisfactory to the road user and tax-payer. 
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Duties. — He first becomes familiar with his section by walking over it to 
learn its general condition, especially noting points that require immediate atten- 
tion. Such patrolling is thereafter done over the entire length of the section at 
least once in each two weeks. Serious defects discovered are attended to at once, 
and afterward the worst places receive attention in their proper order. The 
methods of maintenance on sand, clay, or gravel roads are practically the same in 
detail as for earth roads, except that piles of material are arranged on the latter 
at convenient points for general repairs. 

It is probable that the continuous employment of road patrols 
will be too expensive for the greater part of our road mileage 
for some time to come. It is equally true, however, that on 
many miles of improved road the presence of a road patrol at a 
cost of from $60 to $75 per month will be economy. It has 
been repeatedly observed that the work of such roadmen in 
preventing water breaks and wash from rainstorms and thaws 
at the right time has in itself justified their salaries. 

153. Maintenance by Dragging : — Theory of Operation. — No 
road will long endure without maintenance. The price of good 
roads is eternal vigilance in maintenance. This is more true 
of earth roads than of any other. Rains and melting snow 
soften the surface more or less, and passing traffic forms ruts 
and depressions. These, if allowed to remain, retain more 
water at the next rain and more mud, deeper ruts, and larger 
depressions are formed. It is self-evident, therefore, that the 
main effort in maintaining heavy soil or any other earth roads 
must be to keep the drainage good. For this purpose there 
is nothing which equals the split-log drag or other similar 
device. 

The principle of the drag is simple: Clays and most heavy 
soils will puddle and set very hard if worked when wet. The 
drag is essentially a puddling machine. After each rain and 
while the earth is still plastic, but not sticky enuf to adhere 
to the drag, one or two trips up and down the road is made 
with it. Only a small amount of earth is moved, just enuf 
to fill the ruts and depressions and smooth over the surface 
with a thin layer of plastic clay, which packs under passing 
traffic and leaves the road smooth and hard if of the right 
material. The next rain, finding no ruts and depressions in 
which to collect; runs off, affecting the surface but little. 
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Twenty or thirty dollars per mile per year seems to be about 
the average cost of dragging in the Southern States. The 
essential thing is doing the work when it is needed. This is 
the point which seems hardest to impress on the average man. 
The little attention the earth road needs must be given promptly 
and at the proper time if we wish to secure any results. So 
accustomed are we to the old habit of doing road work at our 
convenience in the spring or fall of the year that we can hardly 
force ourselves to realize that anything else should be even 
suggested. Yet it is certain that we will never have anything 
like the earth roads we can have until we adopt a system of 
continuous maintenance. The amount of work required at 
the time is usually small, but promptness is imperative, else 
the amount will be large, and the roads bad for long periods 
of time. 

154. Dragging. — " Drag, drag, and then drag a little more 
if you want to insure good roads." There is probably no time 
during the year when a drag wiU not improve a dirt road. The 
object is to secure a smooth surface and to mend the little 
holes in the roof of the road. As every passing vehicle has an 
effect sometimes good, sometimes bad, it is plain that every 
reasonable precaution should be taken to keep the road sur- 
face good all the time. This cannot be done, it if is permitted 
to become filled with chuck-holes, ruts, or depressions retaining 
water. 

In the spring don't wait until the road settles to get out 
with the drag. Smooth it off and puddle the surface as soon 
as the frost begins to go out. If the road becomes cut up later, 
drag it again and again as it needs it. It will not only keep 
it in good condition during the spring but will pack the surface 
and make it easier to maintain during the summer and fall 
months. 

155. The Best Time to Drag. — Roads should be dragged 
when they can be smoothed with the least possible labor. 
That is when the ground is in condition which in a field would 
be considered about right or a little too wet for plowing. 
It should be moist enough to break and distribute but not 
enough to shine when the drag passes over the loose ijortlot^s.. 
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Dragging is a part of the drainage work on the road. Its 
eflPect toward road preservation lies in the fact that a dragged 
road is smooth and has a reasonably uniform slope. Hence a 
heavy rain passes rapidly to the side ditches and the road has 
an opportunity to dry out quickly. Breaking up the compact 
traveled path by the introduction of moisture is thus prevented. 
In theory the drag does not undertake to trowel a road to 
make the surface hard. It is often beneficial to drag the road 
immediately after a rain when the water is standing all over it 
and it is in a sloppy condition, permitting the water to escape 
if the road has not been kept smooth. Also before a cold wave 
such action will often result in providing a smooth roadway 
while frozen. Where the road has been given any care and the 
water runs off, the dragging should be done when it breaks 
down the rough points and fills depressions with the least time 
and effort, permitting travel to complete packing the soil. 

156. Dragging Not a Cure-all. — It is always possible to 
have "too much of a good thing." While recognizing the 
value of the dragging, notice the comment of an Oregon road- 
builder, remembering that Oregon has greater rainfall than 
most inland States. 

"Two features have lately been largely exploited. Crowning and drainage, 
really one and the same thing, and the use of the split-log drag have been extolled 
as the last word in earth-road improvement. If they were insufficient, then the 
only recourse was hard surfacing. Both of these features are valuable in road 
maintenance, but neither touches the essential factor in constructing a servicable 
earth-road bed." 

"Extensive observation of coimtry roads shows places where dust is never 
troublesome even in the driest weather, and where the mud never gets deep enough 
to obstruct travel. Investigation invariably shows that the roadbed has a founda- 
tion of stone in some of its forms. It may be ledge rock, shell rock, broken stone, 
gravel or coarse sand, but it is never fine earth that is free from stone." 

157. Foundation Needed. — 

"Under ideal conditions a roadbed of loam or clay cannot be improved upon. 
But ideal conditions cannot be secured at all times. Given sufficient rainfall and 
enuf traffic, and any loam or clay surface will become a mass of mud regard- 
less of crown, drainage, or previous use of the log drag. If both rainfall and heavy 
traffic are continued long enuf the only limit to the depth of the mud will be 
the ability of the teams to haul the wheels through, unless a stone foimdation is 
first reached." 

"There are miles of road in western Oregon that a few years ago were literally 
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bottomless bogs for several months in every year. They are now fairly good at 
all seasons. The change was wrought by simply dimiping enuf broken stone 
in the mud along the center-line of travel to form a bed that would carry the traffic. 
This stone was roughly spread or left to spread itself. The compacting was done 
by feet and wheels. All this is imdoubtedly very crude and imscientific. Perhaps 
we should not advise or encourage such primitive methods; but the fact remains 
that these methods do secure desirable results." 

" The road drag has greatly reduced the nimiber of days during which the average 
dirt road is not fit to travel. But it can never make, out of a loamy soil, a highway 
which will be able to withstand a long continued rainy spell combined with any 
considerable amount of traffic. It will not build roads." 

" It is a great implement. It has done wonders for our dirt roads. It will con- 
tinue to do wonders if properly used but it has the limitations and these must be 
recognized by its friends if they do not wish to become ridiculous." 

158. Dragging Organization. — In maintaining dirt roads 
they should be divided into sections, with a foreman or over- 
seer in charge of each, who should go over all of it after every 
rain or at least every two weeks, without rain. Wherever he 
finds repairs needed, he should have it done. After each 
heavy rain he should run a road drag over the road in order to 
bring it into shape and to fill up any ruts or holes that may 
have started. Roads will not maintain themselves, and re- 
pairing a road simply once a year will not keep it in good 
condition. 

169. Drag System in Minnesota. — 

"A Superintendent of Dragging is appointed by the coimty board. He con- 
tracts with residents along the State Roads to drag them after each rain or when- 
ever ordered by him. He also has a road grader and employs an engine or teams 
to operate it, when occasion requires. He devoted all his time to directing general 
repair work and maintenance and sees that the contracts are properly executed. 
This system is especially applicable to the prairie and gvimbo sections of the State." 

"Compensation for the different classes of work vary, but on a basis of $2.00 
for men and $4.00 for teams, a reasonable compensation would be about as follows: 
$50.00 per month for Road Patrol; $85.00 per month for Section Foreman or 
Drag Superintendent, including expenses and the use of team; and 80 cts. per mile 
for double dragging, or 40 cts. per mile for a roimd trip. Payment for this service 
must first be made by the county, upon certificate of approval by the engineer, 
and State Aid thereon will be granted upon report of the Coimty Auditor, which 
report includes engineer's certificate." 

160. Winter Dragging. — Minnesota has had experience, 
and especially recommends the dragging of roads in winter, 
even after they have frozen up, especially if rough when frozen. 
The sharp points become softened and dried out a little by sun 
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and wind, when they may be planed oS, not only making the 
roads much smoother and better for the remainder o{ the 
winter, but helping them immensely when they break, up ia 
the spring. Where this has been tried the value of the pro- 
cedure is most fully appreciated. 

161. Road-Planer. — For the above and similar road work 
Minnesota has evolved a device known as a road- "planer." 
It is fashioned something like a sled, but carries two iron-shod 
edges on vertical cross-bars set askew of the runners. For 
details of its construction, — home-made, — see accompanying 
cut. 
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HlDDCsota B<nd Planer. 



The split-log drag, so-called, is a Justly celebrated tool. 
Continued use of it alone as a road-making tool has often re- 
sulted in a distinctly wavy surface, very unpleasant to ride 
over, and further use of the drag seems only to emphasize the 
trouble. 

It is this difficulty that the planer especially solves, since its 
runners prevent it falling into the low places, hence it of neces- 
sity planes off the high spots, and fills up the hollows. 

It has been found that newly constructed gravel roads are 
especially benefited by the planer, since the use of it while the 
surface is being compacted under traffic prevents ruts and 
waves from forming. The best results will be obtained when 
the materials are fairly soft and plastic, as after a rain. Mac- 
adam, or crushed-stone roads that are built without rolling, 
relying upon traffic to solidify their surface, can be readily 
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kept free of ruts and waves, and up to the proper cross-section 
by the planer. When fully compacted, however, the planer 
should be used with caution, as it is likely to loosen any pro- 
jecting stones, and will cause the surface to ravel. 

162. How to Drag. — Like many another simple operation, 
the split-log drag or planer is only successful when handled 
right. First, the pace of the horses should be a walk. Second, 
the hitching-link should be in such a position that the runners 
stand at an angle with the road when the driver stands in the 
line of draft, especially if considerable material is to be moved 
up onto the road. The runners will stand more nearly in 
line with the center-line of the road, and the blades, either of 
drag or planer, more nearly square across the road, according 
as a greater or less amount of material is to be moved. In 
this way just enuf material is collected in front of the cutting 
edge to carry along and fill the little depressions and ruts. 
It is not enuf to form a pronounced ridge in the center pro- 
ducing dust and mud, and prohibiting traffic upon the crown 
of the road, — a most sad and unintelligent condition, however 
it originates. 

The driver must not sit on the drag, but stand, shifting his 
weight to vary the depth and position of the cutting as local 
conditions demand. By moving at the right moments from 
one side of his drag to the other, he can collect or deposit a 
load of material at will. 

163. Summary of Rules for Dragging : — (Minnesota) 
Get a system. 

Drag after every rain. 

Use a light drag. 

Drag when the road is wet, not sticky. 

Ride the drag. 

Shift weight as needed. 

DONTS. 

Don't delay. 

Don't drag when too dry. 

Don't try to take too much in one trip. 

Don't neglect your winter dragging. 



CHAPTER VIII 

WATERWAYS 

Water is the greatest destructive element affecting earth roads. The 
road-builder constantly struggles against it. The drainage structures 
form a vital part of any road, and commonly absorb a very large share 
of all road moneys. This chapter explains the inter-relation of the 
numerous factors affecting the economical expenditure of such money. 
Thus, culvert materials, their size, strength, location, and methods of 
construction, are treated at length. The forces tending to destroy them 
are indicated, with methods of guarding them from destruction. 
Costs and quantities of materials are given, especially of concrete, to the 
end that prices paid shall fit the work's worth. Considerable detailed 
instruction in handling concrete, and in selectmg its materials, mixing, 
inspection, form-building, etc., is given. There is a practical discussion 
of foundation problems affecting the road builder, a description of the 
various types of pipe culverts, with practical data on small stone arches, 
and moderate-span concrete slab bridges. 

164. Classification of Types. — Culverts are small waterways 
crossing the roadway, called "wet" or "dry" as they provide 
for living streams, or for occasional surface water due to heavy 
rains. The distinction between a culvert and a bridge is 
rather vague, but generally all waterways not requiring special 
design, of moderate size, and which can be built on standard 
plans are classed as culverts. 

A convenient tho arbitrary distinction for country roads, used by some, 
is to class all waterways requiring no guard-rail for the protection of travelers 
as culverts, and structures requiring such protection as bridges. 

Another classification especially chosen to distinguish between work to be 
done by the county, and that by townships, called everything over a 20-ft. span 
a "bridge" and structures of lesser size a "culvert." Unfortunately, probably 
many "bridges" were built under this plan where culverts were really called for, 
and the long-suffering public paid the bills, as they always must. 

166. Materials. — Formerly wood was a common material 
for both culverts and bridges on country roads. Many other 
materials have now come into common use. Pipes of vitrified 
clajv> cast iron, and corrugated metal are used for small drains; 
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brick, stone, and concrete are used for variously shaped small 
openings, and for larger culverts and bridges. The use of con- 
crete is to be commended. It is a material reasonably cheap in 
most localities and permanent when property placed in struc- 
tures property designed; but too much stress can not be laid 
upon the care required in using it. Each of these materials 
has its merits for use in different sections, and for different 
locations on the roads. A blind faith in any one of them shows 
a lack of good judgment. 

166. Selecting the Proper Tjrpe. — Determining the kind 
of waterway to use is a matter of experience and judgment, 
based in general upon the following factors: 

1. Cost. Depending on (a) Availability of material and 
labor; (6) Character of foundations. 

2. Type of the road for which it is built, i.e., importance 
and cost of the whole project. 

3. Size of opening necessary. 

4. Headroom available, i.e., distance from water surface to 
road surface. 

5. Convenience of construction and character of the soil. 
Standard plans, and their quantities, which may assist in mak- 
ing a proper choice of culvert t3^e are shown herewith, repre- 
senting what Massachusetts and North Carolina have done in 
this direction. Since these cuts show the complete details, 
in each case, reliance may be placed on them for guidance 
in ordering materials and actual construction. 

167. — I. The factors affecting the amount of money a 
county or road district is warranted in expending on culverts 
and small bridges are briefly summarized thus : 

(a) Safety and convenience require them to be in good con- 
dition at all times, since a failure stops travel and may 
injure travelers. 

(6) A permanent culvert, while more expensive to build, is 
less expensive than one which must periodically be 
wholly rebuilt. 

(c) Repairs are largely eliminated in permanent culverts, 
and small repairs to small culverts are very expensive 
in proportion to the cost of materials used. 
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Boy Culvert Dimensions 
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There may be cases justifying the use of non-durable mate- 
rial, but as a rule the less durable the material the more expen- 
sive the culvert is in the long run. The relative cost of diflferent 
types of culverts varies greatly in different sections, but the 
approximate probable ratio of variation in cost is shown in 
Section 172. 

2. The more permanent the nature of the road surface, the 
more lasting should its culverts and bridges be. Thus, a 
small timber structure would not be used on a road if $4000 to 
$10,000 per mile were being expended on the surfacing. On the 
other hand, for a comparatively unimproved road in a timbered 
country, a wooden structure may be economical and justifiable. 

168. — 3. The size of opening, or waterway required, influ- 
ences the type of material which may be used. Vitrified pipe 
is not ordinarily used for diameters greater than 24 inches. 
Cast iron and corrugated pipe are used for diameters up to 
five feet. Other materials may be used for all sizes. 

4. The headroom may be such as to prevent the use of 
arches, or may require the flat-slab type to be used. Vitrified 
pipe should not be used unless there is suflScient headroom to 
provide a suitable protecting cover of earth above the pipe, 
guarding it from the shocks and blows of traflSc. 

169. — 5. It frequently happens that materials are at hand 
which can not be otherwise used, or foremen can do better work 
with certain materials, or the progress of other portions of the 
work are involved. Such conditions as these may make it 
advisable to use a special type of culvert, or easily-cut soil may 
require paved bottoms or specially designed outlets. 

The selection of the proper material and t)^ of culvert 
is a problem worthy of careful consideration by the road 
oflScial. The correct solution results in a considerable saving 
of money. 

170. — Proper culverts and bridges bear an intimate relation 
to highway improvements, absorbing frequently as much as 
40 per cent of all road expenditures. Yet the economy 
of building them of durable and permanent materials, used 
in intelligent, economic designs has not been generally recog- 
nized. Many communities continue old-fashioned, inadequate 
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and expensive methods of construction and repair of their 
bridges and culverts, yet modern traffic conditions demand 
that their construction shall keep pace with the industrial 
development of the country. 

The administration of road improvements in the United 
States is placed in the hands of local officials. The bridge 
improvements of many of these communities are mainly the 
construction or repair of culverts and small span bridges which 
seemingly do not justify the expense of securing an engineer's 
advice. This text is intended to assist local officials in securing 
a proper, intelligent and economic design for culverts and small 
bridges. 

171. — Structures larger than 20 feet in span should never 
be undertaken without consulting an engineer. Many states 
maintain an engineer to give free engineering advice to local 
officials requesting it, and the State Highway Commission 
should always be consulted by communities contemplating 
extensive bridge improvements. 

The substantial construction of bridges is an important 
feature in the welfare of any community. Travel is demoralized 
when they are unsafe. When planning a highway bridge, 
traffic conditions should be considered carefully and the bridge 
constructed not only to meet the present traffic requirements, 
but also those of the future. The bridge of today must be 
strong enough to allow the passage of heavy traction engines, 
road rollers and motbr trucks. It should advertise the progres- 
sive ideas and business activity of the community and therefore 
should be built of a permanent structural material. It will not 
then require costly or frequent repairs. 

172. — * Concrete is peculiarly fitted for this construction. 
Concrete bridges are nearly permanent if properly constructed, 
and do not wash out or require painting. They are made of 
materials most of which can usually be purchased in the vicin- 
ity, and. permit the greater part of their cost to be spent at 
home. For simpUcity of construction and durabiUty, it leads 
all other types. It is claimed that the following table fairly 
compares the ultimate cost of culvert construction with the 
different materials: 
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173. Proper Location. — After examining the foundation at 
a proposed bridge site, it is often found necessary to change 
the location to secure a more suitable and economical founda- 
tion. In the layout of a new bridge, carefid attention should 
be given to the probable later improvement of the roads. The 
general ahnement of the road should be planned so as to be 
practically straight. Short, sharp curves at a bridge approach 
are dangerous, but we often see a bridge built to fit the stream 
only, utterly disregarding the sharp turns necessary to use it. 
For culverts the waterway should be placed where the greatest 
flow of water occurs during heavy rains. Otherwise the cul- 
vert's capacity is decreased and the probability of washouts 
increased. It is remarkable how often this simple rule is 
neglected. 

The best outlet for the water may largely control the loca- 
tion. Ordinarily water that has passed thru the culvert and 
cannot get away prevents other water from flowing thru and 
the road is flooded from both sides. If possible, a broad, 
straight outlet and- inlet should be provided. In case this is 
a ditch it should have flat side slopes, and, if bends are neces- 
sary, they should be at some distance from the culvert. 

Many culverts are destroyed by undermining at the lower 
end. In examining the site the character of the soil should 
be noted and, where necessary, provision made to prevent 
erosion. The angle at which a culvert crosses the road is im- 
portant. While they should be placed in Une withthe principal 
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fiow of water, they are generally placed at right angles to the 
xoad, tho this seldom matches the stream exactly. If they 
clo not Une up with the stream substantially, clogging, resulting 
in a washout, may easily occur. But placing them askew to 
iit the stream requires greater length, and also increases the 
cost and difficulties of building the head- and wing-walls. On 
SL steep hillside where a culvert limited in size must be used, 
cr where the course of the stream can not be readily changed, 
a,s where rock is encountered, it may be advisable to place it on 
SL skew. Only in rare cases, however, will the advantage gained 
offset the added cost of the additional length and more 
complicated head-walls. 

174. — When located square across the road, the length of a 
culvert depends upon the width of roadway and the depth of 
±11 over it. Whatever the depth of fill, the culvert must be 
long enuf to accommodate its side-slopes. 

This slope can usually be taken as ij to i. This means that for every foot of 
lise the bank goes outward li ft. Therefore, for a lo-ft. fill over the top of a 
culvert, the roadway to be i6 ft. wide, the length of the culvert between parapets 
or head-walls will be 2 x ij X lo + i6 = 46 ft. 

This length, it will be noticed, is irrespective of the height 
or area of waterway, and the wings, whatever their design, 
will extend beyond this. The length of wing-walls will be 
about equal to the span, but will be governed principally by 
the local conditions. 

Where the road is unimproved or has not been graded as 
thoroly as will be necessary in succeeding years, probable 
changes in grade or alinement should be estimated and the 
culvert located to fit them. This is very important if a per- 
manent culvert is to be used. It is folly to build a concrete 
culvert so short or in such a position that when the road is 
improved it must be rebuilt. 

175. Foundations. — Upon the culvert's foundation depends 
the stability of the whole structure. "Foundation" is here 
used to indicate the natural bed of soil, carrying footing for 
bridge abutments or the walls of a culvert. The amount of 
attention demanded varies with the size and importance of 
the structure, upon the loads it is to carry, and u^oijl \^ ^^j^*^^ 
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No part of bridge construction requires more care and skill 
than determining the proper treatment of the foundation and 
the construction of footings. A soft foimdation may be im- 
proved by compacting or by spreading over it a layer of sand 
or gravel from 12 to 1 8 inches thick. 

176. Bearing Power. — Different foundations, ranging from 
hard rock to the light loam soil of prairie country, will be met, 
and these vary greatly in their bearing or supporting power. 
Good judgment and experience, aided by a careful study of 
the soil in question, should enable the practical man to estimate 
its supporting power with a reasonable degree of accuracy. 

Safe loads, as given by Baker, a leading authority, are as foUows: 

Supporting Power 
in Tons per sq. ft 

Rock — in thick layers, in natural bed 200 

Clay — in thick beds, always dry 4 

Clay — in thick beds, moderately dry 2 

Clay — soft I 

Gravel and coarse sand, well cemented 8 

Sand — Compact and well cemented 4 

Sand — dean and dry 2 

Quicksand, loam soils , 0.5 

177. — The area of the base of a wall or footing must be 
suflScient so that the load will not exceed the values given in the 
table. The footing may be broadened to secure this or it may 
rest upon a timber platform or piles. 

For small concrete structures resting on ordinary, moder- 
ately dry soil, it is generally sufl5cient to spread the concrete 
footing, precautions being taken to prevent scour in a soil 
which washes badly. If the foundation is soft, as often hap- 
pens in marshy or swampy sections, additional support for the 
footing is necessary for heavy structures. Frequently this is of 
wood, as described in §§ 179 and 181. 

178. Paving. — Culverts may be built with or without a 
floor, depending upon the stability of the soil at that point. A 
smooth paving, such as concrete, increases the discharging 
capacity of the culvert, and prevents to a great extent clog- 
ging by drift. It also prevents cutting of the stream-bed 
and undermining the foundations. Joints should be pro- 
vided between the floor and sides of the culvert to protect the 
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floor from cracking in case the walls settle. In some cases, 
however, the floor is made sufficiently strong and heavy and 
carried clear across the whole structure, when of coxirse, the 
side walls rest upon it. 

To prevent undercutting or erosion under the floor, which 
has ruined many otherwise good culverts, an apron or cut-off 
wall should in all cases be carried down to the bottom of the 
footing. This apron is a vertical wall not less than 6 inches 
thick, located at the up-stream edge of the floor, but may some- 
times be necessary at the downstream end also. The floor is 
frequently carried out to the end of the wing-walls, improv- 
ing the smooth waterway, and giving added protection to the 
wing. But if the bottom, considered with relation to the slopes 
and stream- velocities will warrant it, the floor may be entirely 
omitted. 

179. Pile Foundations. — Occasionally, for more important 
structures, and when the foundation is especially soft and wet, 
it will be necessary to use piles. They shoidd be driven close 
together, say two to three feet apart both ways, sawed-off 
below water level, and a timber platform built on them, or a 
bed of concrete deposited around their tops, if conditions are 
favorable. The number to be used is usually determined by 
computing the safe bearing power in terms of the hammer's 
weight, drop, penetration, etc., but for small jobs, a more cer- 
tain way is by making test-loadings on individual piles. 

Piles should be 10 to 12 inches in diameter at the butt, and 
not less than 6 inches at the point, if of a length of 15 ft. or 
upward, and proportionately less if shorter. In driving, an 
iron hoop should be used at the top to prevent splitting and 
brooming. Ordinary pine piles will cost from 12 cents to 20 
cents per lineal foot delivered at the job in most sections. In 
ordinary soil the cost of driving short foundation piles should 
not exceed $1 each. 

Short piles are sometimes driven to compress and consolidate 
the ground over a considerable area, thus to increase its bearing 
power, but usually this result is more economically attained 
by means of sand piles, perhaps combined with sand or cinder 
filling on top. 
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180. When Called For. — Piles axe used in foundation con- 
struction under two typical conditions; first, when the piles 
are driven thru soft or fluid material; second, when no hard 
bottom can be reached by any reasonable length of pile and 
"skin-friction" with the ground is sufficient to support the 
load with safety. 

In the first case, the pile receives little if any lateral support 
and therefore acts as a column; while in the second case, the 
true pile action occurs and the load is limited by the adhesion 
of the ground to the surface of the pile. 

Piles located in streams often have to resist lateral forces 
due to the impact of drift, ice, etc. Such forces should be 
provided for if practicable by "sway" or lateral bracing. 

Timber piles are also extensively employed in culvert con- 
struction and maintenance, as temporary structures until the 
filling-in of embankments, or more permanent culverts of steel 
or concrete can be built to replace them, or until they are 
reconstructed of the same material. An extended discussion 
of pile foundations is beyond the scope of this course. 

181. Timber Footings. — A log or plank platform will 
sometimes serve to distribute the pressure and tends to prevent 
uneven settlement of the footing or tipping of the abutments, 
but should only be used where it will be continually wet. 
Thus, two 6x6 timbers running lengthwise of the culvert, 
covered with short lengths of 4-inch plank, have been used, or 
lo-inch or 12-inch logs, notched and laid similarly. 

182. Cofferdams. — When foundations must be prepared 
under water, a cofferdam is generally necessary within which 
the footing is built. A cofferdam is a water-tight wall, some- 
times of earth, but usually of timber or a combination of these 
two materials, built to enclose a proposed foundation. After 
constructing a cofferdam around the site and pumping out 
the water, the foundation is prepared by driving piles or 
otherwise, when laying the masonry may proceed. A coffer- 
dam is most useful only where the stream bottom is nearly 
impervious, for if there is an excessive leakage of water it will 
be impossible, or at least very expensive, to pump it out. 

The difficulties in using the cofferdam method increase 
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arapidly with the depth of the water. If deep or the current 
»wift, cofferdams are very expensive and the construction of 
^ach is a separate problem to be attempted only under the 
<iirection of a competent engineer. However, for small culverts 
and bridges, the water seldom exceeds 6 ft. in depth, and with 
a mud bottom, free from boulders, there should be little diffi- 
culty in constructing cofferdams, by using a single or double row 
of sharpened plank fastened to a waling-strip or guide timber. 
If the bottom is good and the puddle wall (often made by 
depositing clay outside the plank wall) carefully built, a small 
hand pump, set. in a small sump in one corner, will generally 
keep the bottom sufficiently dry. If the bottom is sandy or 
gravelly a gasoline bilge pump will be useful. 

183. — If the foundation is solid rock and there is no cur- 
rent the concrete may be deposited in bags until the water level 
is reached, no cofferdam being necessary. Means must be 
provided however to insure that the bags are regularly and 
evenly placed, like stone in a wall, so they may adequately 
support the structure placed on it. 

184. Dry Foundations. — For a rock foundation, it is gener- 
ally enuf to cut away the loose and decayed portions and prepare 
a surface as nearly as possible at right angles to the direction 
of the pressure. For other foundations, it is necessary to see 
that the footings are below the frost line, in cold climates, 
and that the foimdation has sufficient area proportioned to 
the bearing power of the soil to sustain the loads coming upon 
it. Moreover, in soils of any character, the abutments must 
be protected against undermining by currents of water. 

If structures are located in soft or swampy ground, where 
it is impossible to secure a firm, natural foundation, special 
forms of foundations may be necessary such as "spread foot- 
ings" or reinforced concrete floors which distribute the weight 
over a great area. In instances of this kind, each case must 
be taken as a separate engineering problem. Knowledge of 
the best methods can only come with experience, or thru the 
guidance of a skillful engineer. 

186. Elements of Destruction. — The foundation selected 
must be able to carry the load upon it permanently. The 
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main factors which tend to destroy its permanency are: [a] 
Scour in the bottom, undermining the footings; (d) frost, and 
(() undermining uf the outlet. 

1. Bottom scour may be prevented by a stone pavement 
from about 6 to ii inches in thickness, or by using a thin pave- 
ment of concrete about 6 inches thick. Carrying the footing 
across the entire 
bottom pf the cul- 
vert distributes the 
load and prevents 
scour. In larger 
4 "6 structures, a cut-off 
wall across the 
channel at the up- 
stream end is often 
used. When no 
provision is made 
to prevent scour the 
^a,^ side walls should ex- 
^ g) tend not less than 
U i8 inches below the 
|E bed of the stream. 
& 2. Frost, while a 
serious matter far- 
ther north, seldom 
penetrates deeper 
than 6 inches in this 
State. Any footing 
here carried below the surface of the ground 12 inches is pro- 
bably safe from frost. 

3. Undermining at the outlet is generally caused by water 
dropping some distance at the end, or by the increased velocity 
of the water due to passing thru the culvert. This may be 
prevented by paving the outlet with stone, or concrete, or by 
a baffle-wall built just below the outlet to form a basin. 

186. Small Bridge Types- — Concrete bridges may be classi- 
fied as slab, girder, and arches. Slab and girder bridges or 
culverts are those in which the pressure from the bridge floor 
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acts vertically upon the abutments. They consist either of 
flat slabs of reinforced concrete, or of combined beams and 
slabs of concrete, both reinforced with steel. Since arch 
bridges are curved, the pressure upon the supports is not verti- 
cal. Flat slab construction is suitable in level countries and 
for locations where the foundarion is of soft material. Arches 
are especially economical in localities where the roads can be 
built at a considerable height above the streams and where 
there is rock, gravel or sim- 
ilar hard soils offering a solid 
foundation. 

A flat slab bridge consists 
essentially of a concrete floor 
of uniform thickness 
strengthened with steel rods 
resting upon vertical abut- 
ments. The rods in the slab 
which run lengthwise of the 
roadway take up tension 
stresses due to loads on the 
bridge, while rods at right 
angles to the roadway distribute the load and reinforce against 
temperature stresses. The distance from the bottom of the 
slab to the top of the footing varies to meet the requirements 
of the waterway. The quantities of materials, and hence the 
approximate costs of slab bridges may be arrived at from the 
diagrams herewith, based upon Illinois, North Carolina, and 
Iowa standards, respectively. 

186a. Permanency in Concrete Work. — Before the general 
establishment of State Highway Commissions it was diificult 
to secure adequate supervision of the design and construction 
of highway bridges, — vastly more than with railroad bridges, 
for obvious reasons. The demand for heavier loading, to- 
gether with a considerable degree of standardization made 
possible thru such Departments, have, however, begun to result 
in much superior structures to those constructed by counties, 
even where the more progressive ones had pretty generally 
adopted the use of concrete. 
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To show the dangers attoidant upaa the injudicious use o£ evm good materkl^ 
the Iowa Commission, eariy in 1915, made a detailed study of eighty-two con* 
Crete bridges and culverts, all buUt imder county control. The first step was a 
ph3rsical examination of eadi structure; measuranents were made, foundations 
exposed, photografe taken, and a detailed record made of every evidence of failure 
either in design or construction. They found 20 per cent unsafe for traffic; 7^ 
per cent had clearly developed defects; 3 per cent had collapsed entirely. 

The defective and unsafe conditions were attributed to the following causes: 
Insufficient foundation areas, or depths, or both, 48 per cent; inadequate rcinfori'e- 
ment, 20 per cent; insufficient dimensions of sections, 8 per cent; ''thin-section*' 
members in positions subject to severe frost action and stream erosion, 36 |>er i^nt ; 
inadequate wing-wall lengths, permitting erosion back of them, xo |)er cent; inferior 
materials and workmanship, 10 per cent. Thirty-four per cent needed immediate 
repairs or renewals. Summarizing, 65 per cent were in distinctly bad condition 
due to defective foundations, and whereas the State specifications limited the loading 
upon day soils to 2 tons per sq. ft., the loads on many of the structures examined 
reached 8 tons per sq. ft. 

CONCRETE 

187. Use of Concrete. — First-class concrete structures, 
wisely designed, are without doubt the best to use for road 
work in point of durability and cost of maintenance. This 
is particularly true for culverts whose opening is greater than 
that of a 24-inch pipe. For them concrete should be adopted 
as the standard. Various types of concrete pipes are on the 
market which can be made in all sizes, and these can be used 
satisfactorily. Townships having local supplies of good con- 
crete materials could make this pipe themselves. Collapsible 
forms for this purpose can be readily bought or made. 

188. Selecting the Aggregate. — The materials such as 
sand, crushed stone or gravel which are mixed with cement to 
form concrete are called the *' aggregate,'' and careful selection 
is necessary to obtain good concrete. The aggregate must 
be clean, coarse, hard, and well-graded in sizes. It must 
be clean, because if the separate pieces are copied with fine 
dust or clay, the cement can not form a satisfactory bond with 
them; coarse, because a coarse aggregate presents a smaller 
total surface for the same volume of mineral than if in smaller 
sizes. It thus makes a stronger concrete with the same anunint 
of cement. 

Concrete is no stronger than its aggregate, or the bond (A 
tbe_cqnent uniting it^ consequently the aggrq^ate oitsit be 
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and remain strong and hard under all weather conditions. 
Some sands and gravel contain pieces of shale, or soft particles, 
which, after a short exposure to the weather, soften and go 
to pieces. Chalky, or other soft stones can not be expected to 
give good results when used for concrete. 

189. Sizes in Aggregate. — When deposits of good gravel 
can be found they are a source of great saving, and furnish 
excellent concrete if intelligently used. There is great danger, 
however, that since there are very great and accidental varia- 
tions in the sizes of materials from different parts of the same 
bed, or between different beds, that the important effects of 
such variation will be overlooked. This is because the putting 
together of aggregates in proportions bearing a definite relation 
to their sizes is a matter which vitally affects the strength, den- 
sity, durability, and ultimate economy of the concrete structure. 

Early in 191 5, the Engineering Experiment Station of Ames, Iowa, published 
the follo\^ing results of compression tests of fifty* concrete cylinders, 8 indies X 16 
inches, twelve days old, made of gravel with varying amounts of sand, as shown, 
and with the average density of the mixtures varying from 68 to 79 per cent. Note 
that the poorest 1 15 mixture, meaning one volimie of cement to five equal volumes 
of natural gravel (No. 4 in the following table) gave a strength of 240 lbs. or only 
about one-eighth the strength of No. 5, which also had very nearly a 1:5 mixture. 
No. 5 however, had a 10 per cent greater density with only about half as much sand 
but about ten times as much coarse aggregate. Doubling the amount of cement, 
however, with about the same quantity of sand, as in No. 8, only increased the 
strength about 25 per cent, showing again that the cheapest and best concrete 
was made, in these cases, from some such mixture as No. i or No. 5, both of which 
show highest density and best gradation of sizes. 

Strength of Gravel Concrete Containing Various Proportions of Sand 

TO Coarse Aggregate. 





Per cent sand 






Strength, 


Specimen 


to coarse ag- 


Proportions 


Density 


lbs., per 


No. 


gregate 






sq. in. 


I 


40 


1:5 (1:2:3) 


0.789 


1,600 


2 


55 


1:5 (i:2f:2i) 


0.770 


1,200 


3 


75 


1:5 (1:3* :ii) 


0.737 


800 


4 


95 


1:5 (14? :i) 


0.680 


240 


5 


42 


1:4! (1:2:2!) 


0.784 


1,872 


6 


55 


i:3j.(i:2:if) 


0.775 


1,792 


7 


75 


i:2f (i:2:§) 


0.709 


2,120 


8 


95 


1:2 i/io (1:2:1/10) 


0.712 


2,360 
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Broken Stone, The aggregate of broken stone should also 
be well graded in sizes, since the strongest concrete has the 
greatest density. There should be such quantities of the 
various sizes from fine to coarse that the total voids or empty 
spaces between the pieces is the least possible. This is often 
and simply determined in an experimental way by filling a 
bucket with the aggregate and observing how much water 
can be put into the bucket besides. By changing the propor- 
tions of the stone, sand, or gravel, the combination giving the 
greatest density can be pretty accurately found. Concrete 
made in these proportions will not only be stronger, but also 
cheaper, since less cement will be required to give equally good 
results as where more cement and a less carefully graded 
aggregate is used. 

190. — The mixing, as suggested elsewhere, is just as im- 
portant as any other part of the process of making concrete. 
In fact good concrete is the result of everything being right, 
and no step in the process nor quality in any of the materials 
can be otherwise and get that result. Most people do not 
realize these facts. With a proper aggregate, the aim of 
proper mixing is to insure that as nearly as possible every 
particle of sand will be coated with cement, and every piece 
of stone or gravel will be floating in mortar, thus reducing the 
voids in the whole mass to the lowest possible minimum. 

191. Qtiantities. — Estimates of concrete materials needed 
for a given amount of concrete may be based on the following 
table. Note that one barrel equals four bags of cement. 

192. Concrete Forms. — The cost of concrete bridge and 
culvert work is largely influenced by the cost of the forms. 
The average carpenter, inexperienced in this class of construc- 
tion, is likely, unless properly directed, to greatly increase the 
cost. He may use too many nails, increasing the cost of re- 
moval, and spoiling a large amount of lumber for further use. 
It is a good rule to avoid the use of nails whenever possible. 
Then too, an inexperienced man will hardly realize the enor- 
mous weight the forms must carry, and failing to make the 
centering sufficiently strong, allows it to bulge and sag. Any 
slight settlement of the forms occurring after the conccet^ Vaa» 
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Amount of Cement, Sand and Stone required per Cubic Yard of Rammed 

Concrete with various Mixtures. 



Mixtures 



Sand 



Stone 



Stone al inches 



2.0 

2.5 
3.0 

30 

3.0 
4.0 

4.0 



4.0 
5.0 
S-o 
6.0 
7.0 
7.0 
8.0 



Stone 3| inches and 
under 



2.0 

2.5 
3.0 
3.0 

30 
4.0 

4.0 



4.0 

5.0 
6.0 
7.0 
7.0 
8.0 



Amounts 



Cement 
bbls. 



Sand 
cu. yds. 



Stone 
cu. yds. 



Most Small Stones 
Screened Out 



1-53 
1.26 

1. 17 
1.06 

.94 

.87 
.81 



47 
48 
54 
48 
42 
53 
49 



93 
96 
89 
97 
05 
93 
98 



Dust Screened Out 



1.48 
1. 21 

1. 14 

1.02 

.92 

.84 

.78 



45 
46 
52 

47 
42 

51 
48 



90 
92 

87 
93 
98 
90 

95 



Mixtures 



s 



Sand 



Stone 



Stone z inch and 
under 



2.0 

2-5 
30 

3.0 
30 
4.0 
4.0 



4.0 

5.0 
6.0 

7.0 

7.0 

8.0 



Gravel I inch and 
under 



2.0 

2-5 

30 

30 

3.0 
4.0 

4.0 



4.0 

50 
5.0 
.60 
7.0 
7.0 
8.0 



Amounts 



Cement 
bbls. 



Sand 
cu. yds. 



Stone 
cu.yds. 



Dust Screened Out 



1.46 


.44 




1. 19 


.46 




I. II 


•51 




1. 01 


.46 




.91 


.42 




.83 


.51 




.77 


.47 





.89 

.91 

.8s 
.92 

.97 
.89 

•93 



Sand Screened Out 



1.34 


.41 


1. 10 


.42 


1.03 


.47 


.92 


.42 


.84 


.38 


.77 


•47 


.71 


.43 



.81 

.83 
.78 
.84 

.89 

.81 

.86 



been deposited and before it has hardened suflBiciently to sus- 
tain its own weight, is, of course, extremely detrimental to 
the Structure. In fact this is often the beginning of destruction 
thru incipient cracks thus formed. 

Improper bracing may cause much loss of time and unsightly 
work. Many braces can be omitted by using bolts or wires. 
This applies particularly to forms of abutments and wing-walls 
where opposite sides can be tied together, causing one form 
to help hold the opposite form in place, provided the first is 
properly secured in its position. 

Proper methods of form construction and careful handling 
will save much lumber and may allow the forms to be used 
several times. Where possible, they should be held in place 
by hardwood wedges, well fitted and carefully driven. If the 
forms are supported upon a muddy creek bottom, for example, 
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it is necessary to place them on a firm foundation as any settle- 
ment strains on the new concrete must be avoided. 

The face forms should be made of 2-inch lumber, sound and 
free from knot-holes or other defects, constructed so that they 
will be held rigidly in place. Where knot holes are unavoidable, 
they should be plugged with damp clay immediately before fill- 
ing, or covered with a small piece of tin or building paper on the 
inside of the form. The inner face and both edges of the lum- 
ber should be dressed to insure a smooth finish on the exposed 
face of the concrete and prevent the ridges due to uneven 
thickness of lumber. It is impossible to fit imdressed edges of 
boards closely together. This permits the cement mortar to leak 
through the cracks, and forms imsightly ridges on the finished 
faces. The forms should be cleaned carefully, and just before 
using again, it is well to paint the inside of the form with soft 
soap, paraflSne, or crude oil to prevent the mortar from sticking. 

193. Removal of Forms. — Weather conditions decidedly 
affect the rate at which concrete hardens, and directly influence 
the time required before the forms can be removed. In the 
cool weather of spring and fall, concrete hardens slowly, so 
that the forms may need to remain two to four or more weeks. 
Even in summer, during cool and cloudy weather, forms should 
not be removed for several days, say ten or twelve, and should 
remain longer, if practicable. 

Under the most favorable weather and construction condi- 
tions, no forms should be "stripped'' within less than forty- 
eight hours after depositing the concrete. This applies to 
those forms which give side-support only, i.e., those which 
carry no loads. For arches and floor slabs the supporting forms 
must remain much longer than for the end and wing walls, 
say at least twenty-eight days. Removing forms too soon has 
been the cause of more accidents than any other one thing. 
It is sometimes required that before removing the form, the 
concrete in slabs and arches shall be suflBiciently hard to cause 
a 20-penny spike driven into the concrete to double before it 
has penetrated one inch. 

194. Placing the Steel. — When the forms have been erected 
and carefully measured to insure that everything k txvy^ ^cmL 
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to line, the steel is to be placed. In doing this it is necessary 
to follow the design strictly and make certain that pieces of the 
proper size are placed exactly as planned and carefully wired 
into position. Workmen are apt to be careless in placing the 
steel and neglect wiring the rods together because it is a little 
tedious. Too much care cannot be exercised in this work, for 
while a rod in its proper position performs an important func- 
tion in giving strength and stability to a structure, if allowed to 
shift a short distance it may be absolutely worthless, leaving 
this part of the structure proportionately weaker than it was 
planned to be. 

The steel must be free from grease, dirt, excessive rust or 
scales when placed, because the presence of any of these pre- 
vents the concrete from properly bonding to it. After the steel 
is placed, all dust and dirt should, be removed from the forms 
and their interior thoroly wetted before pouring the concrete, 
unless they are coated with oil or soap as already suggested. 

196. Mixing Concrete. — Mixing may be done either by 
hand or machine. The method employed is determined prin- 
cipally by the size of the job. If the amount of concrete is 
small, hand-mixing is more economical, while for large jobs 
machine mixers are better and generally cheaper, tho if the 
machine must be frequently moved, hand-mixing may prove 
cheaper. A better and more uniform concrete can be made 
with a good machine than by hand. Its type should be such 
as to insure a thoro and uniform mixing of the materials. 
The strength of the concrete will be greatly increased if the 
mixing is continued for three or more minutes even in a mixer 
running at regular speed. Most contractors are unwilling to 
do this, or are unaware of the advantage to be gained in this 
way. The extra cost of very thoro mixing, however, is vastly 
more than made up for by the added strength of the product. 

Enuf water should be used to make the concrete of mushy 
consistency, requiring very little tamping to bring the mortar 
freely to the surface. This mushiness, however, is more affected 
by proper proportioning of the aggregate than to the quantity 
of water used. For example, to add water continually to con- 
crete containing an excess of coarse stone is positively the worst 
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thing that can be done to it. But if the stone runs in graded 
sizes, and the sand does also, smooth-working, mushy, strong, 
and perfect concrete is practically unavoidable, providing water 
and cement in at least reasonable proportions is supplied to 
it. The water must be reasonably clean. Concrete otherwise 
good has been spoiled, and was required to be removed because 
extremely muddy water was used. 

196. Hand-Mixing. — If hand-mixing is employed it should 
be carefully done upon a tight board platform, and should be 
subjected to thoro supervision. The following directions from 
Taylor & Thompson, leading concrete authorities, will be found 
useful when needed. 

Assume a gang with four men to wheel and mix the concrete, two to place and 
ram it. When starting a batch, two mixers shovel or wheel sand into the measur- 
ing box or barrel — which should have no bottom or top — level it and lift off the 
measiure, leveling the sand still fiurther if necessary. They then empty the cement 
on top oif the sand, level it to a layer of even thickness, say a total of six inches, and 
turn the dry sand and cement with shovels three times (as described) or until the 
mixture has a uniform color. While these two men are mixing sand and cement, 
the other two fill the gravel (or stone) measure about half full, then the first two 
take hold with them, completely filling it. The gravel measure is lifted, the 
gravel hoUowed-out slightly in the center, and the mixture of sand and cement is 
shoveled on top, making a layer of nearly even thickness. A definite number of 
pails are filled with water and poiu*ed directly on the top of these layers, giving 
greater uniformity of the product than by adding the water directly from a hose. 
After soaking in slightly, the mass is ready for turning. 

Two men, A and B, with square-pointed shovels, stand facing each other at 
one end of the pile to be turned, one working right-handed, the other left-handed. 
Each man pushes his shovel along the platform imder the pile, lifts the shovelful, 
half turns with it, and turning the shovel completely over with a spreading motion, 
draws the shovel toward himself. He thus deposits the material about 2 ft. from 
its original position, thoroly "chopping" and mixing it with downward thrusts 
of the shovel after having turned it on the board. This operation forms a flat 
ridge alongside the original pile, flat enuf so the stones will not roll down. As 
soon as, but not before, a single ridge is complete, two other men, C and D, start 
turning it for the second time, and again form a flat ridge, and finaUy a level pile. 
A third mixing is similarly done. 

The quantity of water used must vary with the moisture in the materials 
used, and the final consistency required. It is advisable for an inexperienced gang 
to use an excess of water. The rule is to use as much water as can be thoroly 
incorporated. Such concrete will be soft and "mushy" and fall off the shovel 
unless handled quickly. 

After the material has been turned twice, as described, and the third turning 
conunenced, two of the mixers who have finished turning may load the concrete 
into barrows and wheel it to place. After the mass has had the third turn by the 
other two men, they start filling the gravd-measux« ixx, t)b!tTMeiX\».\^Du 
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If the concrete is not wheeled over 50 ft., four experienced inen ought to mix 
and wheel on the average about lo} batches of 4/5 of a cubic yard each in ten 
hours. This is based on the proportions of i :2i :$ and assumes that a batch con- 
sists of one barrel (4 bags) Portland cement, 9.5 cu. ft. of sand, and 19 cu. ft. of 
gravel or stone. This is the simplest kind of concreting and makes no allowance 
for the labor of supplying materials to the mixing platform, or for building forms." 
At $2 per day this is a cost of about $1 per cubic yard for hand-mixing. 

197. Placing the Concrete. — The concrete should be care- 
fully placed without separating the aggregate and mortar. 
The mass of concrete in the forms should be kept practically 
level, otherwise the water will drain from the high places, carry- 
ing part of the cement with it. The concrete should be moder- 
ately tamped, and the face "spaded" thoroly with a flat-faced 
tool to force back the coarser aggregate and bring the mortar 
to the form. A fair tool can be made from a hardwood board 
about 1x4 inches, its end sharpened to a chisel edge, on one 
side only. In use, the flat side is placed against the form, and 
a smooth finish upon the exposed surfaces depends upon the 
care with which this spading is done. 

The mixture should be quite plastic, as a dry one has no 
tendency to flow and fill the forms perfectly. Concrete in 
abutments should be laid in continuous horizontal layers, 
thus avoiding any continuous vertical joints. In floor slabs, 
the concrete should be placed to the full thickness of the slab at 
one time, and vertical joints made in the center of the slab if 
the entire job can not be completed without interruption. If 
impossible to build the abutments in continuous horizontal 
layers, it is best to divide the work into sections and place 
each without interruption. This requires some provision for 
vertical joints. To key the abutment-sections together a deep 
and massive groove may be formed (it should have suitable 
reinforcement), using the temporary partition in the form as a 
support for the dovetail-making arrangement. The timber 
used for this purpose will need to be slightly wedge-shaped, 
else it can not be removed without destroying the groove. 

198. Costs : Day Labor. — Where concrete work is done 
by day-labor, or force account, as engineers frequently term it, 
it will often be useful to know about what proportions the 
various items of cost bear to the total. Commissioners will 
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find this specially useful for checking purposes against claims 
for labor and materials presented to them on culvert work. 
Wisconsin, in igi3, gathered such data on twenty small bridges 
and culverts. The results are shown by the diagram herewith. 
The variance in proportions of cost is of considerable interest, 
and upon reflection, is 
easily understood. The 
total money- cost per 
cubic yard will, of course, 
vary with labor and ma- 
terial prices. 

199. Laying Concrete 
in Water. — Only in ex- 
ceptional cases should 
concrete be placed in 
water. Then the great- 
est care must be exer- 
cised to prevent the 
fresh cement from being 
washed out. Under no 
circumstances should it 
be thrown into or j 
in the water with shovels, i 
or deposited in running To ToTAL CoST 
water. In small jobs, ftewf COfJC . Bf^ Caherfs 
the concrete is sometimes 

deposited in open-weave bags, or it may be placed in buckets 
with a board covering it while it is lowered carefully to the 
bottom. Then the bucket or pail is carefully overturned, and 
the board withdrawn, and the bucket gently raised, allowing 
the concrete to flow out. The water must not be agitated, 
nor the concrete disturbed before it has taken its initial set, 
usually from four to eight hours. In large jobs, the concrete 
is sometimes placed by means of a tube extending into the 
water, with its lower end near the bottom. This is called 
a "tremie." By keeping a continuous flow of concrete pass- 
ing thru the tube, the cement can not separate from the 
aggregate. 
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200. Slab Bridges. — As already stated, slab bridges con- 
sist either of plain, flat slabs, resting on suitable abutments, or 
of combined beams and slabs of concrete both suitably rein- 
forced with steel. For spans of 20 feet or less, plain slabs are 
most economical, more simple to build, and will, therefore, be 
the type chiefly considered here. 

In prairie country stream gradients are usually flat, the 
water-course crooked, and the banks low. For such streams, 
where headroom is limited, the slab type of bridge or culvert 
is preferable to the arch. Here the foimdation is usually of 
light soil, and rock, if present, is usually too deep to found 
abutments upon it. Under these conditions the slab bridge 
which carries the load vertically to the foundation is better 
than any form of arch, which carries its load into the soil at 
an angle. Also, the slab-bridge is less likely to suffer damage 
from any slight displacement or settlement of its abutments, 
while the least movement of an arch abutment endangers its 
stability. The figure reproduced herewith gives much valuable 
information. 

201. — Slab-bridge floor forms are so simple in construction that no detailed de- 
scription is necessary. One of the most important things is to prepare for the enor- 
mous weight which the forms will have to support. The floor-slab for a 20-ft. 
span with i6-ft. roadway will weigh approximately 25 tons. The supporting 
shores, braces, and "laggihg," or form lumber, sustain this weight and must be 
designed accordingly. Where a muddy creek bottom is encountered, the shores 
and braces must rest on a firm foimdation so no settlement will occur. 

202. — The dimensions of the end and wing walls of culverts 
depend upon the clear vertical opening or height of bridge 
floor above the footing. This height is entirely independent 
of the span, but is influenced by local conditions at the bridge 
site. It depends upon the depth necessary to secure a firm 
and adequate foundation and the amount of headroom neces- 
sary to accommodate the stream flow. The footings must in 
all cases be carried to a foundation having sufficient bearing 
power, as described in § 176. 

203. — The thickness of the floor slab required for the various 
spans, together with the size and spacing of the reinforcing 
rods. North Carolina standards may be found in the drawing 
on page 128. 
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Slab bridges and culverts should have a fill of at least 8 to 12 inches of road 
material over them. The use of a concrete floor without a covering of earth or 
other material is not to be recommended, as this blanket helps to distribute the 
load, and prevents wear, shock, and excessive vibration. 

The Concrete for the slab should be proportioned as i sack of cement to 2 cu. 
ft. of sand and 4 of screened gravel or crushed stone. This is a very meager rule, 
however, since it takes no accoimt of the sizes of materials. If stone is coarse, 
say i inch to 2 inches in greatest dimension, and the sand fine, more of it will 
needed. But if the stone is relatively fine, and the sand coarse, more cement is 
needed to coat the area of the pieces, as already explained. A sn&ooth, mushy 
concrete of maximiun density is what should be constantly sought for, and varia- 
tions from above proportions should be made to secure this result. (Note also, 
carefully, the discussion in § 189.) 

204. Timber Culverts and Bridges. — In any timber struc- 
ture it should be borne in mind that wherever wood is in con- 
tact with earth (except when always wet) it will decay rapidly. 
For this reason it is advisable to use heavier material at these 
points than is required for strength alone. If timber is the 
only material available, it may be advisable in some cases to 
creosote it, or otherwise specially treat it to resist decay. In 
salt or brackish water creoaoted timber is practically neces- 
sary because of the attacks of marine wood-borers, such as the 
teredo worm. 

205. Varieties of Wood. — White oak is the most durable 
lumber to use in road culverts. Red oak should be avoided, 
especially when in contact with earth. Wood should never 
be used for any waterways where a pipe can be used. Pitch 
pine free from large knots is durable and makes satisfactory 
floor joists. Rough sawed lumber should be used since there 
is a considerable loss in planing. Three-inch oak flooring should 
be used where the wear comes directly on the floor. Its dura- 
bility is twice that of two-inch flooring, altho its cost is only one- 
third more, since flooring must be renewed when worn to an 
inch in thickness. Creosoted lumber is more durable than 
ordinary timber and when obtainable will cost about $45 per 
1,000 ft. B. M. 

Small Slrtcctures, — The ordinary type of small timber cul- 
verts consists usually of a mudsill or imbedded *' post-abut- 
ment'' in an earth bank with floor joists resting directly 
upon it. Failures may come from decay, from undermining of 
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the earth abutments or the floating off of the entire structure. 
Their use is to be avoided, if possible. 

206. — The table below shows size and spacing of wooden 
floor joists for long span culverts, as used by North Carolina, 
using 3-inch flooring i6 ft. long. 





» 








Total Ft. 


Span 


No. of 
Joists 


Size 


Length 


Spacing 


B. M.in 

Floor and 

Joists 


8' 


6 


3" X 12" 


10' 


3'o" 


660 


id' 


7 


3" X 12" 


12' 


2'8" 


828 


12' 


8 


3" X 12" 


14' 


2'3" 


1008 


14' 


9 


3" X 12" 


16' 


2'o" 


1200 


16' 


6 


4" X 16" 


18' 


3'o" 


1440 


18' 


6 


4" X 16" 


20' 


3V' 


1600 


20' 


7 


4" X 16" 


22' 


2'8" 


1877 


24' 


9 


4" X 16" 


26' 


2'o" 


2500 



When timber structures are used on a surfaced road the 
floor may be covered with the surfacing material where the 
span does not exceed 16 feet. 

207. Pile Structures. — Pile bents with the piles driven to a 
suitable penetration, should be used in running water, or where 
the bottom is too soft to use a mudsill, or where a fill or masonry 
bridge is not practicable. The piles should be from 12 to 18 
inches in diameter at the butt and not less than 6 inches at 
the point and should be driven to a good bearing. The tops 
should be sawed level and the cap bolted on and securely 
fastened. Not less than 4 piles should be used in a bent and 
it is well to "batter," or drive slanting, the outside piles if 
the water is deep or the current swift. 

210. Size of Opening. — A culvert should be large enuf to 
provide for all ordinary rainfall which may come upon the 
area it drains. It is not generally advisable, on country roads, 
to make the size as great as would be required by the record- 
breaking rains which sometimes occur. Conservative engi- 
neers estimate that the damage occasioned by a washout once 
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in 15 or 20 years is not sufficient to oflFset the added cost of 
making the structure large enuf to care for the additional water. 

No great refinement in the determination of the area of 
waterway is possible or necessary. The convenience and 
economy of the use of standard sizes and designs makes the 
problem one of determining which of several standard sizes 
will be more nearly satisfactory. For example, should a 24- 
inch pipe, which has an area of 3.14 square feet, be too small, 
the next size, a 30-inch pipe, would be used, which has an 
area of 4.92 square feet, or 56 per cent greater than the 24-inch. 
The same thing holds true with other types of waterways. 

As a general rule it is well to make small culverts larger than 
the water to be provided for demands. They are subject to 
stoppage from accumulations of leaves and grass. To avoid 
this some road-builders make 15 inches a minimum diameter 
for pipe culverts. 

211. — The two problems commonly arising are (a) To find 
the area of waterway for a new opening, or, more frequently, 
(b) To determine the size to use in replacing an old structure. 
The same elements are involved in both problems, but they 
are so indefinite that their consideration is merely an aid to 
the judgment. The principal elements involved are: 

1. Rainfall. The ordinary maximum rainfall may be taken 
as varying from one inch to two inches per hour. However, 
the extent of this severe rainfall is usually limited to a few 
square miles. In the so-called cloud-bursts common to the 
West and Southwest, as much as 4 inches in a storm of less 
than an hour's duration is not very rare. 

2. Area of Watershed. This is the total area draining into 
the waterway. For small culverts this area may be determined 
with sufficient accuracy by estimation, if the whole drainage 
area is in plain view, or by pacing the divides with a hand 
compass and roughly computing the area. For large culverts 
it may frequently be obtained from a map. 

3. Shape and Slope of Watershed. When the drainage 
area is long and narrow and has a uniform slope, the water from 
the remoter parts will not reach the waterway until the water 
which falls near the culvert has passed thru. If, however, the 
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drainage area is more nearly circular or the watershed steep, 
most of the water may arrive at the culvert at substantially 
the same time. 

4. Character of Vegetation and Soil. A heavy under^ 
growth or forest carpet will check the immediate run-oflF of the 
water, and a porous soil will absorb a large portion of an ordi- 
nary rain. But should a heavy rainfall come when the soil is 
thoroly saturated the total rainfall may rapidly reach the 
culvert. 

5. Location and Design of Waterway. The slope of the 
culvert and condition of the channel above and below the ends 
will influence the capacity. The flow of a smaller size may 
be increased by permitting the water to dam up at the inlet 
This is sometimes permissible with a pipe or a paved-bottom 
culvert, but should be avoided with other types. 

There are two general methods of determining the required 
area of waterway: (i) By formulas, or rules; (2) By direct 
observation. Formulas should be used only as a check or 
guide to the judgment. They are commonly disregarded 
altogether in replacing an old culvert or where the needed area 
may be determined by direct observation. In the following 
table a few examples are given of results obtained by using a 
well-known rule. 



212. 



Area or Waterways 



Drainage Area 


Very 
l^ounta-inotis 


Hilly 


Gently Rolling 


Prairie 


(Acres) 


(Sq. Ft.) 


(Sq. Ft.) 


(Sq. Ft.) 


(Sq. Ft.) 


10 


3.7 


1-9 


I.I 


0.9 


20 


6.3 


3-2 


1-9 


1.6 


30 


8.5 


4-3 


2.7 


2.1 


50 


12.5 


6.3 


3.8 


31 


100 


21. 1 


10.5 


6.3 


53 


200 


35-6 


17.7 


10.6 


8.9 


300 


48.1 


24.0 


14.4 


12.0 


500 


70.4 


35-2 


21. 1 


17.6 


650 


85.8 


42.9 


25.7 


21.4 
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Thus if 200 acres are to be drained in the mountains, 35.6 
sq. ft. of waterway is required, or say 6x6 box culvert. In 
gently rolling country a 3 x 4 will be seen to be of ample size. 
The Santa Fe Railway uses values ten to fifteen per cent 
greater than those in the first column. 

2 . Direct Observation. This is the most satisfactory method 
of determining the size of opening to use. Highwater marks 
should be ascertained from people in the locality, and the area of 
cross-section measured at a point where the stream is narrow 
and the banks steep. If the velocity at this contracted point 
in the stream can also be obtained, as by floats during high 
water, then a close estimate of the flood flow is possible, and 
the culvert size fixed with considerable accuracy. The culvert 
or bridge opening should have approximately the same area 
as that measured. Sluggish or tidal streams, such as exist near 
the coast, may be narrowed considerably. On the other hand, 
mountain ravines should have a larger opening than the appear- 
ance of the banks would seem to warrant. 

213. Pipe Culverts. — Pipe culverts are generally circular 
in cross-section and vary from 8 to 48 inches in diameter. They 
are made of vitrified clay, corrugated sheet metal, cast iron 
and concrete. Their circular shape gives great strength for 
the amount of material used, a large discharge, and provides 
a non-eroding surface for the water to flow along. But they 
require a greater height for a given area of waterway than a 
square or rectangular box and they must be carefully laid on 
an even slope. 

Pipes smaller than 12 inches in diameter are in danger of 
stoppage by trash and mud, and unless a good fall is obtained 
(say I ft. in 20 ft.) they should not be less than 15 inches in 
diameter. Some road builders even advocate that 18 inches 
should be the least diameter used unless a catch-basin is 
provided at the upper end. 

Pipe culverts are usually laid in sections or joints varying 
in length from 2 to 3 feet for vitrified pipe, to 12 feet for cast- 
iron pipe. The whole pipe should act as a solid piece and 
retain an even slope from end to end. The foundation under 
the pipe must be soUd, and the joints must be tight and strong. 
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In ordinary day or loam soil, if care is used in trimming the 
bottom of the trench for the pipe so that the earth directly 
under the pipe is not disturbed, the foundation will be satis- 
factory. If i.t is necessary to fill any part of the trench, the 
earth should be thoroly tamped before laying the pipe. 

In swampy or other uncertain soils, where the weight of the 
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fill or other loads which may come on the pipe may cause it 
to settle in the middle, a pipe having as few joints as possible 
should be used. The foundation may be improved: (i) by 
excavating the bottom of the trench at least 6 inches below the 
bottom of the pipe and filling it with sand or dnder, if such 
material be available; or (2) a support of concrete or stone may 
be placed under each joint. Where this is necessary the pipe 
should be made of cast iron or corrugated sheet metal. 



cMTcidjly THTnpfd in tlan I&y»^ uniil the pipe is^ jil Vni^I H^' 
corered, egjcaalhr if it is diy pqjie. Oat' skoaki W w<\l l\> 
mak^ thf trei&di wide oiuf to 4U0W tuiqpHn$ uiKkr tht )>i)x^ 
Too 3E3ck tan is dangerous sino? it ti»ids u> cau$e ww^ku^ ;i^t 
the OTEdet- Too little tall neduoKi tke di$chaT$e. aIK>xk^ $<*\U- 
mexLt to deposit and p»init$ water u> $tand. the \\\i\tm\i^ 
freezing oi which may ccHn{detely do$e and in $on>e c;ji;<^e^ 
destroy the pipe. 

214. Headwalls for Pipt Cal?erts« — A;§; a ft^neral rule the 
ends of pipe culverts should be protected by end waiU. 'rhi?i 
protection is especially necessar>* for pipes laid in sAort ^eiiion*. 
For long sections it is not so important > but it wiU us^unlly 
be found that the saving in length of pii>e will \Try ncttfly 
oflFset the cost of the headwalls and the culvert is more *uh» 
stantial with them. End walls commonly us^eil <ure strtUKht) 
but have wings at the upper end. 

The straight- wall type is generally cheapest antl most sntis- 
factory when the diameter of the pipe is less than ^^0 itu'hes. 
For diameters greater than 36 inches the flared wing typ« 
contains less material and the parapet wall is mucl\ sliortor, 
lessening the liability of wash around the ends. Tlie straiKht- 
wing type is common at the outlet end of the pipe and the 
flared-wing type at the inlet end. The cut lierewllli aUc) 
shows a specially good type of inlet where the water romen 
from both directions alongside the road. HcadwallH may bo 
built of concrete, stone or brick. 

215. Vitrified Pipe. — The use of vitrified clay i)l|)e In llDillt'd 
to places where at least 12 inches of earth may be >*ecurt<d 
above its top, where a solid bed may be obtained and^ If llin 
winters are cold enuf, the fall is sufficient to prevent the poiiiilbll- 
ity of water standing and freezing in it. Many failures havn 
resulted from attempting to use this type of culvert when thewi 
conditions did not exist. If conditions are favorable, however^ 
the culvert will be very durable. 

The relative advantages and disadvantages of vitrlfu^l trfjM) 
for culverts may be briefly summarized: 
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Advantages 



Disadvantages 



1. Low in first cost. 

2. Desirable in that it will not rust or 

decay. 

3. Quickly laid. 



1. Requires a heavy earth protection. 

2. Has little supporting strength. 

3. Requires headwall under all con- 

ditions. 



216. Iron Pipe. — The chief use of cast-iron pipe for culverts 
is where the earth cover is so small that vitrified pipe would not 
be safe, as in some ditch crossings, or road intersections, where 
the foundation is too poor to use an easily broken pipe. Cor- 
rugated metal pipe serves the same purpose, is less durable, and 
is somewhat cheaper. 

Corrugated Metal Pipe. — Corrugated metal pipe is made 
of thin, corrugated sheets of steel or iron bent and riveted in 
round and half-round sections. The corrugation gives it great 
strength for the amount of metal used, its strength, when 
the metal is the proper gauge, being sufficient to support any 
load which may ordinarily pass over the road. The metal 
used is very thin and, should the protecting coat of galvanizing 
be destroyed, is likely to rust away rapidly. This type of 
culvert has been in use only a few years, not long enuf to de- 
termine its durability. Manufacturers claim a life of from 15 
to 25 years. It is probable, however, that the life is largely 
dependent upon the type of soil in which it is laid. If laid in 
a damp soil containing a large amount of organic matter, the 
action of organic acids will probably cause it to rust out within 
10 years. On the other hand, if laid in a dry, loam soil, its 
life should greatly exceed this. 

Corrugated pipe can be used to advantage where the earth 
cover over the top of the pipe is small. In this case, headwalls 
are advisable to prevent wagon wheels from crumpling the 
ends. At ditch crossings, around intersections, at places where 
water is liable to freeze in the pipe, and for temporary purposes 
during the construction of large waterways, this material will 
be found very convenient and satisfactory. Half-round sec- 
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tions may be used whore a hard foondatioQ^ such as rock cc 
shale, may be secured. It is inqpcNrtant that the thickness of 
the metal used and the dze and number of rivets should be 
in proportion to the diameter of the pipe. 

217. Stone Cutrerts. — Where there is nati\^ stone of any 
durability and n^ularity of shape it may often be convenient 
and economical to build smaU culverts of roughly dressed stone« 
laid in cement mortar or laid *^dry/' The use of mortar sa\*es 
in labor and the culvert is much more satisf actor>\ 

"Rubble/* or undressed stone work, requires careful laying 
especially if "dry." Large flat stones should be used in the 
bottom and each stone carefuUy embedded as the wall is built 
up, using as few spalls, or small chinking-stones, as possible* 
Long header-stones should be used as ties at least every two 
feet of height and three of length. 

There is a tendency to use too little mortar in laying rubble. 
A thick coat of mortar should be spread and the stone firmly 
embedded in it. The mortar should consist of i p>art Portland 
cement to 2 or 3 parts dean, coarse sand. The method of 
using a thin mortar grout poured into the interior of the wall 
should not be permitted. For spans up to 4 feet, flat cover 
stones 1 2 inches or more thick may be used for the top. If there 
is danger of erosion in the bottom of the culvert it should be 
paved as already suggested. 

Rubble masonry laid in i to 3 cement mortar will cost from 
$5 to $6 per cu. yd. "Dry'' rubble will cost from $3.50 to $4 
per cu. yd. These prices will of course vary with the charac- 
ter and abundance of the rubble stone, and of labor sufBdently 
skilled to do the work. Stone arches, too, have been common 
since the time of the Pharaohs, — some have pretty nearly 
lasted since then. The phenomenal development in the use 
of cement concrete during the past quarter-century should 
not blind our eyes to the excellencies of the older material. 
The data in the arch-sheet shown in § 167 is very practical and 
should be useful to road-builders who have a good local stone 
to draw upon. 



CHAPTER IX 
BRIDGES 

218. General Considerations. — To the layman there is, 
perhaps, little distinction between bridges save as to length. 
They are, however, of numerous types, representing all degrees 
of cost, durability, and general fitness to special local con- 
ditions. In failing to recognize these truths, great amounts 
of public money have been wasted. This, in turn, is because 
a long-continued study of such problems alone enables a wise 
and economical selection of size and type of structure to be 
made. 

Thus, the first steps should be to learn fully the history and 
range of conditions to be met on the particular stream. In 
general, this truth seems sufficiently obvious, but if the struc- 
ture is to be of concrete it is even more desirable to learn them, 
since if incorrectly located, or otherwise a misfit, corrections 
can only be made at great cost, and will probably involve the 
complete destruction of what has been done. 

It will be observed that streams have a certain cycle of existence whereof the 
bridge-builder must needs take notice. For example, the stream may be actively 
cutting its channel, a characteristic of relatively young streams, and this will con- 
tinue until it reaches a certain grade, or base level. During this stage the stream 
generally has a shallow channel, with little head-room, and calls for flat slab or 
beam construction on the smaller streams with perhaps extensive viaducts on the 
larger ones. 

At a later stage of stream development there may be a well-defined flood plain, 
across which the stream now has a pronoimced tendency to "meander" and fre- 
quently change its channel, tho the channel may be markedly deeper. If a hard 
substratum has been reached, the head-room will be greater, and arches, or even 
deck trusses may be permissible. 

The same considerations also vitally affect the foundation 
problems, since in the earlier stagey of its history the floods will 
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carry large amounts of silt and sand, certain to produce severe 
cutting action around the abutments. This is not so likely to 
occur, in older streams which have an established channel. 
Countless bridge failures have been due to inadequate pro- 
vision against this erosive action. Hence the necessity for a 
careful study of the foregoing conditions before determining 
the type and span of bridge and the style of its foundations. 

219. Bridge Engineering. — It makes no diflFerence how 
good a road is which leads only to an impassable stream. Or 
perchance, it is just when high water comes in a stream other- 
wise fordable that the farmer most wants to get to town. In 
bridges the outstanding fact is that the best is also cheapest. 
There has been and doubtless will be great temptation to prac- 
tise so-called "economy" when putting-in culverts and minor 
bridges. Plausible salesmen of bridge companies have often 
grossly abused the trust reposed in them by confiding officials, — 
and the public has settled the bills. Most States have been 
sadly "bitten" on their commonest bridge propositions, and 
simple and direct bribery is by no means unknown. Unless 
our commissioners everywhere take to themselves certain 
bitter lessons sadly learned by countless other officials, much 
more public money will be wasted in the same way. "The 
man who is his own lawyer has a fool for his client," the old 
saw puts it. Paraphrased, "The commissioner without a 
capable engineer makes a fool of the client," — the client in 
this case being the public which pays the bills. 

220. Essentials to Success. — One State Engineer says: 
" To enable Boards of County Commissioners to build perma- 
nent and economical bridges they should have: 

1. The advice of a competent engineer. 

2. A profile of the location. 

3. Soundings made for the foundatioi;i. 

4. Reasonable loads determined which the structure is to 
carry. 

5. A good engineer to prepare plans, specifications, and call 
for bids. 

6. Reliable and competent inspectors employed to oversee 
the work. 
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"The old practice of having bridge companies make bids on their own pbuis and 
specifications has been a most pernicious and unsatisfactory one. Suppose a ooimty 
board advertises for bids and asks each bridge company to submit its own fAam 
and specifications. There will be as many plans as bidders. One company vaaj 
have a well designed plan with the greatest amount of steel, a heavy bridge with 
much shop work. It will be the highest bidder yet have the cheapest bridge, but 
only an expert bridge engineer could, after considerable calculation, detennine that 
fact. But where all companies are required to bid on one well-designed p^^i t 
plan designed to meet the local situation, a Board is no longer puzzled as to what 
company's bid to accept. 

221. " Counties and townships could well afford, if necessary, to -vote bonds for 
permanent bridges. Future generations would get more benefit than we and thsy 
should help pay for them. It would be good business for any county to vote bonds 
for stone or concrete bridges, provided they employed a competent gu giiujitr to 
prepare the plans and q>ecifications and rigidly insi>ect the construction woik. If 
sudi a system were adopted, in lo years time the bridge and culvert problem would 
be practically eliminated and at least 50 per cent could be added to the road fimds 
without increasing the taxes." 

With respect to most States having State EBghway De- 
partments, this bridge and culvert matter need not give any 
difficulty, as that office frequently issues complete series of 
plans and specifications for large culverts and small bridges 
of reinforced concrete, — unquestionably the most permanent 
and satisfactory material for such purposes. 

222. "Tin Bridge" Example. — To show probable results 
from the old fashioned way we may cite the State Engineer of 
Kansas, Mr. Gearhart: 

'^A steel bridge built over the Kansas River in 1900 at a cost of $14,000, was 
destroyed in 1903, and re-built at a cost of $8,000. It was destroyed again in 1907, 
and repaired at a cost of $9,000, and was destroyed again in 1910, and lebuQt 
at a cost of $8,000, making a total cost of $39,000 for this structure in ten years. 
About four years out of ten, the people had no bridge. For $35,000 a first-dass 
steel bridge could have been built, supported on concrete piers and abutments, 
and designed heavy enough to carry a concrete floor and a 15-ton traction engine. 
The present structure has a wood floor and stringers and is a typical 'tin bridge.' 
At least $20,000 more will be required to make a good bridge of it." 

223. Recommended Procedure. — The United States Office 
of Public Roads says: "A practice which has had an injurious 
effect, especially in the design of highway bridges, is inviting 
bids upon the bidder's own plans without having a competent 
and disinterested engineer to pass upon the design submitted. 
Under such conditions the wonder is that the bridges are not 




Others fail because Ihey lack good foundations. This one needed piles under the 
abutment. It shows also results of defidenL ivatenvay. 
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orse, and the prices charged not more often exorbitant, 
ublic officials permit the bridge agent to furnish the plans, 
id specifications if there are any, and do the work with a 
w or no inspections. County boards have no excuse for 
mdling. the public funds in this loose, unbusiness-like manner 
r they invariably have authority to employ a competent 
Lgineer/' A safe and more systematic course in proposing 
idge work would be as indicated in § 220. 
224. Permanent Bridges. — Permanent bridges include both 
ose built entirely of masonry and of very heavy steel con- 
ructed on masonry piers and abutments. 
Reinforced concrete is the material most extensively used 
aere the span is not too great. The different types of struc- 
res include reinforced concrete slabs, girders, and arches, 
ae slabs and girders are especially well adapted to foundations 
L ordinary soils, and arches for rock foundations. Arches 
ay, of course, be built of stone and brick, as well as concrete, 
It these materials are not so extensively used. 
Permanent steel bridges should in all ordinary cases be 
aced on heavy, permanent, masonry foundations. These 
ould be extended well below the bed of the stream and should 
I supported on piles in ordinary cases, unless they reach to 
ck. It does not pay to take chances on undermining or 
ttlement of an expensive masonry abutment for the sake 

saving a few hundred dollars' expense for piling. High 
asonry abutments are especially expensive features for per- 
anent bridges. However, a saving of as much as 50 per cent. 

their cost can often be made by adopting pedestal style 

structures with an approach span at each end whereby the 
Tth is allowed to assume its natural slope. 
226. Temporary Bridges. — These permanent bridges are 
mewhat expensive to build, and, in view of the large number 

highway bridges in the ordinary county, it seems that a 
►nsiderable number of structures must still be reconstructed 

cheaper material for a number of years. For such cases, a 
)od, heavy wooden pile bridge is about the most satisfactory 
ructure. Such bridges should be made heavy enough to 
irry 15- or 20-ton engines. 
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STEEL BRIDGES 



226. " Safety First." — Not only property, but human life 
is endangered by defective bridges. This alone would justify 
a much larger charge for proper engineering supervision than 
would be necessary to secure safe structures. The smallness 
of the project is no excuse for omitting any part of the inspec- 
tion or other logical requirements necessary to insure its 
safety. 

227. Failure of Steel Bridges. — Steel is a material which is 
admirably adapted for highway bridges. Most instances where 
steel bridges have failed, — and the number of such failures 
has been great, — have been caused by defective design or 
construction, and not by faulty material. Not a few failures 
have also resulted from lack of proper maintenance. Permitting 
rust to make inroads into the metal from the lack of paint, or 
neglecting necessary minor repairs is to be condemned no less 
severely than the practice of adopting an inferior design or 
permitting faulty construction at the beginning. The phrase 
*'Tin Bridges'' has gained unfortunate prominence thru un- 
scrupulous contractors using structural shapes so thin and 
light that after the formation of a coat of rust on each side there 
is scarcely anything left. Needless to say such bridges often 
become a great menace to public safety soon after their 
completion. 

228. Control by Specifications. — Attention is called to a 
few precautions needful to secure satisfactory designs. Leading 
defects common in steel highway bridges will be pointed out 
and means suggested to avoid them. 

The majority of small steel highway bridges are at present 
designed by the companies who erect them. It is bad practice 
to invite bids for designing and constructing a proposed bridge, 
without first having prescribed a definite set of specifications 
to which the design must conform. Otherwise, there will be 
no standard of excellence to serve as a basis upon which the 
different proposals may be compared, and irresponsible parties 
are likely to secure the contract by submitting low bids based 
upon very light and probably unsafe designs. 
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The specifications for a proposed bridge should fix the maximum concentrated 
load, the maximum uniformly distributed load, and the safe working unit strength 
of the steel in tension, compression and shear, the minimum thickness of metal, 
the character of the connections and other details, and should specify definitely 
concerning the quality of the materials and workmanship. They should always 
be accompanied by a drawing, prepared for the purchasers by a competent engineer, 
showing plans for the masonry abutments and piers, and giving the general di- 
mensions of the bridge. 

229. Drawings. — All proposals to furnish and erect bridges 
should be accompanied by the contractor's general drawings 
showing the size and shape of the different members. Before 
a contract is awarded the designs should always be checked 
by the purchasers' engineer. The contractor should likewise 
furnish complete working drawings of the bridge, and these 
should also be carefully checked by the engineer before any 
material is ordered or shop work started. As already stated, 
it would be much better if the plans were prepared by an 
independent engineer at the beginning. 

230. Shop Inspection. — Upon completion of the shop work 
before shipment has been made, the purchasers' engineer 
should visit and carefully inspect each bridge-member at the 
plant, approving those which comply with the shop drawings, 
and condemning defective parts. In very few cases have pur- 
chasers of small highway bridges taken this precaution, but 
often it would have been abundantly justified. 

Field Inspection. — Every bridge should of course be care- 
fully inspected after erection and "before it is finally accepted; 
but it works a much greater hardship on the contractor to 
condemn any part of a bridge after it is erected than it would 
to condemn the same part in the shop. There is a much greater 
temptation for the engineer to overlook slight defects. A large 
percentage of the bridges which are not inspected in the shop 
are defective. 

Not infrequently, bridges are designed, fabricated, erected 
and accepted by the purchasers without either the plans or 
the bridge being inspected by any representative of the pur- 
chasers who is competent to judge the class of work. This 
practice usually results in generally weak details, poorly 
driven rivets, improperly packed pins, insufficient anchorage^ 
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failure to properly provide for expansion and contraction, poor 
painting, and numerous other defects. 

231. Maintenance Needed. — It has been well said that in 
road-building the bridge problem is more important than the 
road, for if the roads are to be used at all the bridges must be 
kept up. It costs just as much to construct and maintain a 
bridge in a lane as on a heavily traveled highway. They rot, 
and rust, and wash out just as fast in one place as in another. 
It is not the travel but the elements that chiefly destroy the 
bridges. 

232. Money Wasted. — In most of our Western States it 
has long been true that about one-half of the large sums spent 
for bridges and culverts by the counties and townships was 
wasted and squandered due to ignorance, the use of poor 
materials, faulty design, no specifications, lack of skilled in- 
spection and supervision, bridge pooling, illegal letting of bridge 
contracts and selling at exorbitant prices. 

Bad Piers. As a concrete illustration of waste, Mr. Gearhart of Kansas says: 
" Overturning of steel tubular piers has caused numberless bridge failures. Almost 
without exception on rivers having ice floes the tubular-pier foundation construc- 
tion has been a curse to the State. It is a little cheaper in first cost than stone or 
concrete, but if it had not been urged by the bridge agents funds would have been 
provided somehow to put in stone or concrete piers and abutments. The necessary 
funds to rebuild them are usually available after they have failed. I£ stone, or 
concrete foundations had been used at first, the original steel superstructure 
would generally have been in continuous use until the present time. There are 
very few of these bridges on tubulap piers on the rivers referred to that are ten 
years old on which there has not been spent more than enough to have had them 
right at first." 

Bad Foundation. "I inspected some concrete foundation-work recently and 
found the foreman placing large soft dry stones in the wall close together. The 
dry stones absorbed the water in the concrete and it would never set. This struc- 
ture when finished makes a shell filled with dry rock. There were no specifications 
for this work and no inspector on the job. Concrete was worth about $io to the 
contractor and stone about $2 per cubic yard; hence the reason for the excess of 
worthless stone." 

233. Estimating Curves for Bridges. — Engineers and con- 
tractors must often quickly prepare estimates of quantities of 
the material in various types of highway bridges. The prepa- 
ration of standard bridge plans by various highway Depart- 
ments has made it possible to construct curves which greatly 
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facilitate the estimating work. Especially do they assist the 
field engineer in making reliable estimates and permit any 
official to make at least a rough check on quantities and 
costs, to the end that blunders or graft may be more certainly 
detected. 

The preparation of estimates is of equal importance to the 
field and to the office man, but the former most needs convenient 
and reasonably accurate data upon which to base them. The 
cost of labor and materials must be determined for each Job, 
and it cannot be estimated 
by any set rule. But the 
quantities of materials re- 
quired for any job can be 
estimated very closely by 
means of tables or curves 
when the plans are standards 
ized. The curves given here- 
with deal with quantities 
only, and are intended pri- 
marily for use in the field, 
and for preliminary plans. 
(See diagrams.) 

234. Estimating Steel 
Trusses. — These steel 
trusses are ordinary Pratt 
type with parallel chords, 
riveted connections, and 
have a 4-in. concrete floor, 
with a wearing surface, or 
pavement, assumed to weigh 
not less than 50 lbs. to the 
square foot, no allowance 
made for impact. Designs 
carry 15-ton traction engine 
in addition to the dead load. 
Trusses designed for a uni- 
form live load of 100 lbs. per square foot of roadway for spans 
of from 50 to 150 ft., and for a imiform load of 85 lbs. ijet 
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square foot for spans of over 150 ft. Tension members are 
designed for 16,000 lbs. and compression members not to 
exceed 14,000 lbs. per square inch. Pony trusses are used 
for spans from 50 to 85 ft. and thru trusses from 90 to 160 ft. 
(See diagram.) 

Reinforced Concrete Thru Girders. — Reinforced concrete 
thru girders are used for spans from 30 to 60 ft. The design 
is to carry a uniform load of 125 lbs. per square foot or an 
engine load of 24 tons, and wearing surface weighing 50 lbs. 
per square foot. Free expansion and contraction is pro- 
vided for by castiron rockers under each girder at one end of 
the span. 

236. State Control of Bridge Work. — There is probably no 
phase of the State's participation in road work which would 
so easily yield such important results as the systematic super- 
vision and control of bridge work. Most Commissions are 
taking active steps in this direction. The majority of the 
States have an enormous number of inferior bridges, both 
of wood and steel, on highways where more or less import- 
ant improvements are going forward. It is natural that the 
expenditure necessary to replace these bridges adequately 
should be postponed until new surfacing, which makes a 
greater showing, is completed. But this makes a very dan- 
gerous combination, and numerous accidents have been and 
will continue to result. 

The State can, and should, prescribe the kind and strength of 
bridges that must be built, and insist upon State authority 
passing upon the plans and construction of these bridges, re- 
gardless of the origin of the funds which pay for them. This is 
demanded from the standpoint of public safety alone. Nor 
is this all. Millions of dollars of bridge money has in the past 
been spent in the most unbusiness-like way, being in fact a 
favorite form of graft for unscrupulous road officials, and 
politicians. In some cases the guilt has been so flagrant that 
important sums have been recovered for work actually never 
received, when once honest and enlightened public officials, 
backed up by an adequate public opinion, have taken matters 
in hand. 
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236. Bridges and Grade Crossings. — With the growth in 
population and traffic of rural communities, bringing increased 
railroad facilities also, the number of crossings between high- 
ways and railroads will increase, as will also the road traffic, 
thus increasing the dangers inherent in these intersections. 

Iowa, for example, finds that she has nearly 9,000 of these 
crossings outside of her towns, and her county supervisors class 
900 of them as dangerous. Her State Commission, however, 
is making a notable beginning in their elimination. Since the 
investigations of the first thirty crossings taken up showed an 
average cost of about $4,500 to make each improvement, the 
immensity of the work from a financial standpoint becomes 
obvious. It is plain, therefore, that in every State a systematic 
beginning and continuous Activity in this direction must be 
carried forward, else the death-toll will be steady and of enor- 
mous magnitude. 

237. — Since the typical grade-crossing elimination calls 
for a highway bridge over the railroad, or a railroad bridge over 
the highway, a brief consideration of the matter will be in order 
here. First, it should be noted that not all dangerous crossings 
call particularly for bridges, or will be likely to get them for a 
long time to come. At these the danger is usually due to an 
obstructed view, whereby the unfamiliar traveler, — the com- 
monest kind in these days of the auto, — drives into a trap. 
The obstruction may be due to trees, buildings, growing crops, 
weeds, — in either of which cases the remedy is sufficiently 
obvious. 

Where either the highway or the railroad is in a cut, with 
either a steep incline up or down to reach the track level, the 
dangers are vastly increased. Yet many of these locations in 
cuts can be made infinitely safer by simpl&.grading operations, 
taking ofiF the top of a bank, for example, so that the road-user 
can get a fair view of the track in both directions before reach- 
ing it. 

But the mere use of a bridge of some sort does not always 
solve the difficulties. Sharp turns and a steep grade in ne- 
gotiating either the overhead or undergrade crossing are a 
serious menace to rapidly moving autos, substituting the less 
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terrifying but still real danger of colliding with other travelers 
for that of being struck by a train. It follows that no two cross- 
ings will present precisely the same elements for solution, and 
each must be treated individually and with intelligent care. 
Intervisibility of travelers from each direction is found to be a 
prime essential. 

Even with a bridge of some sort there are still other dangers 
as to the stability of the structures involved. There is the 
danger of collapse, fires, and floods, according to location and 
type of construction, which may precipitate a train onto a 
road below, or where the highway passes over a railroad on a 
flimsy structure which is unfortunately common, heavy loads 
or traction engines may go thru to the track below, — with 
consequences which need not be eiilarged upon. 

238. Procedure. — The State law should provide a plan 
whereby grade-crossings may be eliminated, stating a scheme 
for arriving at an apportionment of the cost according to the 
benefits. Some States tend to put the cost wholly upon the 
railroads, which is manifestly unfair, especially as to roads 
opened subsequent to the railroad's occupation, and which 
have relatively light travel. Others desire that the cost be 
borne for the major part by the immediate political unit, such 
as township or county. Still another. plan introduces the in- 
terests of the State in the safety of its citizens in general. It 
seems, therefore, just and fair that there should be participa- 
tion in the expense by all three, as perhaps, the State to pay 
20 per cent, county and township 30 per cent, and railroad 50 
per cent, with modifications of these ratios lying in the power 
of the State Railroad and Highway Commissions to more 
justly adapt them to given cases. 

Procedure could start by a complaint against a crossing made 
by a local official filed with the State Highway Commission. 
One of its engineers, with special experience, could then investi- 
gate the crossing, devise a plan for its improvement, gather all 
necessary data, and estimate the cost. He would then recom- 
mend the apportionment of cost to be made, submitting the 
same to the various Boards involved, and to representatives 
oS the railroad, until an agreement could be arrived at by 




Too much water under the road. 




A granary hid Ihe view at this crossing. Death lurked here, — and caught two. 
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conference. Special legal procedure might be arranged in case 
agreement was not possible. 

This discussion is intended only to relate to crossings on 
coimtry roads. Street crossing eliminations in cities and large 
towns form a much more complex and difficult group of prob- 
lems, not properly treated here. 



CHAPTER X 
ROAD FINANCE 

The essential idea of this chapter is that roads cost a lot of money, and 
that its collection must come from a great number of people, else it becomes 
unduly burdensome. Further, the cost should be borne by those most 
benefitted. 

Bond issues, next to taxes, furnish a leading source of fimds. Tho easily 
raised, it is still easier to spend bond proceeds unwisely, and with disr 
appointing results. Nimierous important incidental obligations at- 
tendant upon bonding oi>erations are here treated at length. The 
practical basis for road construction by improvement districts is fully 
explained, with examples, followed by a brief consideration of automobile 
licenses as a source of road revenues. 
The chapter closes with a few remarks upon Town Highway Accoimts. 

239. Road Finance. — Four main plans for raising money 
are common. The first and oldest is by direct taxation. Little 
comment upon this plan is needed here, save to emphasize the 
necessity of well-considered and intelligent expenditure of 
the proceeds, and providing an adequate maintenance scheme. 
The second plan uses bond issues; the third relates itself to 
automobiles in some way; the fourth is by special assessments. 
Each of these will be considered. 

240. Road Bonds. — In most cases the annual proceeds from 
taxes do not yield enuf to make extensive improvements. Even 
if administered to the best advantage, it takes a long term of 
years to complete any comprehensive plan. A bond issue is 
therefore sought to secure the immediate advantages which 
good roads bring. In theory the added usefulness of the 
road is worth the annual added expense of interest and sinking- 
fund on the bonds, while the resulting appreciation of property 
values is clear and immediate gain. This is sound reasoning as 
far as it goes. 

Further, the annual tax funds scattered over the county 
ure insu&cient to make any important improvements. Yet if 
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concentrated upon a single road general funds would thus be 
contributed by those who had no direct benefit from them, — 
a plan unworkable and inequitable. 

But if financed by bonds a large amount is, available at once, 
and extensive projects of wide benefit can be carried out. Also 
large contracts can usually be made at a less cost per mile 
than if the work is done piece-meal. 

Still another important reason for bond issues is that if the 
work will benefit future generations in increased facilities for 
transportation and enchanced land values, then it is fair that 
they should contribute to the cost. And also, the costs should 
be spread over a term proportionate to the life of the improve- 
ment during which those paying for it will be profiting by the 
results of the work, and will be better able to contribute to- 
wards its cost. 

While the general arguments can be thus easily stated, justice 
to all the interests involved and adherence to the principles of 
sound finance (without which no policy can be permanently 
successful), requires more study of certain immensely important 
phases than have commonly been given them. 

241. Incidental Obligations. — A discussion of bonds as a 
means of road finance should not fail to emphasize the impor- 
tance of careful preliminary investigations and plans of con- 
struction, to insure that the proceeds are not largely wasted 
thru some of the channels already indicated. 

It also requires a careful determination of the additional taxa- 
tion required for bond interest, and for creating a sinking-fund 
to extinguish the bonds at maturity. Last, and most vital of 
all, it must be planned how the roads are to be consistently 
and intelligently maintained when built. Many interested 
persons do not fully realize the necessity for providing in ad- 
vance for adequate maintenance, yet without it the bond 
proceeds are largely thrown away, as will be shown later. 

That this topic is worthy of careful consideration is shown 
by the fact that the Southern States alone issued road bonds 
in excess of twenty-five million dollars in 1914. 

242. Scientific Control Demanded. — The demand for proper 
safeguarding of the expenditure of these enormous sums. ^& 
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steadily growing. Virginia supervises road-bond work thru 
her State Highway Commission. Mississippi requires that 
proceeds of county road bonds shall be expended under skilled 
engineering supervision only. Tennessee requires that 2 per 
cent of the original amount of the bond issues shall be annually 
raised by taxation for maintaining the roads constructed by 
such bonds. In all States which have advanced far enuf to 
permit it, the public has become convinced that such scientific 
supervision is not only an excellent safeguard against waste 
and graft, but is also a paying investment. 

243. Bonds OutUving Construction. — Common Errors. Com- 
petent engineers place the average life of macadam roads at less 
than ten years. It is unwise, therefore, to issue for them bonds 
for forty, thirty, or even twenty years. It is imjust to the coming 
generation unless the road has a corresponding period of useful- 
ness. That every bond issue should also be based upon a plan 
absolutely requiring thoro and continuous maintenance is a 
proposition which admits of no argument. 

Let us compare road bonds with the railroad bond, a security 
with which the general public is fairly familiar, but let us not 
permit the practice in one field to lead us to unsound habits of 
thought in the other unless the conditions warrant it. 

244. Railway and Highway Bonds Compared. — For con- 
struction purposes a railroad commonly borrows money on 
bonds (which are simply formal promises to pay, substantially 
like promissory notes), basing them upon the market value of 
its property as security. It usually does not attempt to set 
aside from its earnings an amount which would permit it to 
take up and discharge these bonds in full at their maturity. 
Instead, it pays bond-interest, maintenance and operating 
expenses, and usually steadily makes betterments also, — all 
of which come out of its gross earnings. 

Then, after setting aside a reasonable working surplus for 
contingencies, it distributes the balance of its earnings to its 
stock-holders. When the maturity-dates of its bonds ap- 
proach, it commonly sells new bonds to an equal amoimt and 
with the proceeds takes up or retires the old ones. Or, it 
often merely exchanges new bonds for the matured ones, per- 
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haps without any interchange of cash at all, especially if the 
investor (i. e. the bond-holder), is satisfied to leave his money 
in the enterprise. Viewed from the ordinary person's stand- 
point of paying oflF a debt, it will be correct to say that railroad 
bonds were never meant to be paid oflF in cash, in this sense. 
By this is meant the way in which a business man would 
borrow money to set himself up in business. 

A vital factor, also, not to be overlooked, is that by constant 
maintenance and betterments made from traflGic-earnings, the 
railroad is offering still better security to the new bond-holder 
than even his predecessor had. This also shows that if the 
financial plan has been honestly administered, and the money 
has been actually and wisely invested in the plant, then there is 
no reason why in fact the bonds should ever be *'paid off " in 
the common understanding, as of discharging a debt. Let us 
now see how these considerations apply to bonds for public 
roads and bridges. 

246. — The first and most important difference is that since 
roads and bridges are public enterprises they have no cash 
earnings with which to pay interest, maintenance, or better- 
ments. The most obvious lesson, therefore, is that unless a 
substantial portion of the original amount is set aside for main- 
tenance, or unless there is a steady and consistent program of 
taxation for that purpose, the road will, in the case of long-term 
bonds, be worn out perhaps three or more times before it is 
wholly paid for. 

This is so whether the bonds are serial, some of which mature 
annually, or term-bonds all maturing at once, against which 
time a sinking-fund has been accumulated. In either case, if 
the work is worn out before being paid for, those who come 
last before the bonds mature are paying for something which 
they never had. 

246. — For example, suppose the road lasts seven years 
without maintenance, but that the bonds which pay for it 
run twenty. Thus two entire replacements have been added 
to the original construction, and at the end of the twenty years 
the cost of three pavements would be represented by the one 
then in use, — and it would be six-sevenths worn out. This 
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discussion presupposes, of course, that building the second and 
third pavements costs amounts equal to the first. 

Let us take $i,ooo as an illustration which, in 1915, is put into a thousand dollar's 
worth of work. In 1922 the work is gone, and it takes another $1,000 to replace 
it. Then we may say the same again in 1929, making $3,000 spent, but this will 
then last one year after the first bonds mature, in 1936. For the 20-year period, 
therefore, this improvement has cost an average of $150 annually, or since we must 
replace again so soon, it would be more nearly correct to say $3,900/20 = $195. 

If now we assume that 1 2 to 15 per cent of the first cost is a fair charge for main- 
tenance (which it often is), and assume that constant maintenance will keep the 
work good for the whole twenty-year period, while the first cost is itself divided over 
the same period, let us see what app>ears. To $150 (which is the annual mainte- 
nance charge) must be added bond-interest and sinking-fund, say another 10 per 
cent, or $100, making $250 as the total annual cost of enjoying this improvement. 

This seems to show that it is cheaper to let it wear out after all, with no main- 
tenance at all. But look again. Under this plan we still have the pavement, 
whose value is say, 80 per cent of new, which spread over the 20 years would 
reduce the annual cost by $40, or to $210, and with a continued similar charge can 
keep it indefinitely, or can start afresh, since the original bofid obligations are 
now cancelled. But that is not all. 

Many attractive business projects have come to grief simply thru ignoring the 
operation of that potential business force called ** interest." Let us see if it is not 
so here. Under Uie no-maintenance plan, suppose also that the bonds bear 6 per 
cent interest, and that the twenty-year sinking-fund plan means an average of 
about 4 per cent annually, or a little more for it. Then the total of these two is 
$100 for each of the first seven years. For the second seven, beginning in 1922, a 
similar charge must be added, so that for this period it is $200 annually. Then 
from the fourteenth to the twentieth years, another similar charge must again be 
added, so here the total annual cost is $300 per year, — a total of $3900 and an 
average of $195- Where then is the saving? Note here, as vastly important, 
that the work is practically worn out when these burdensome payments come to 
an end. But even that is not the worst of the whole matter. 

We are now considering a no-maintenance plan, where the work lasts seven years, 
and then is wholly worn out. For how long will the work remain substantially 
new, so that its condition is really good? Two years is probably a high figure. 
For the next two it will doubtless pass rapidly from bad to worse, and for the 
last three it will doubtless be bad indeed, and must be wholly replaced. For more 
than two-thirds of the time, therefore, the public has had a bad road, or worse, 
while all of the time it has been pa3dng enuf to have had a first-class one. Plainly 
this is not what the American public wants, and is willing to pay for. It thus ap- 
pears that ^'A stitch in time saves nine'' in road-making and road-finance just as 
truly as anywhere else. 

247. — But the foregoing discussion does not truly represent 
actual road-building conditions. It supposes that subsequent 
bond issues can be easily floated for the re-construction of worn- 
out roads not yet paid for. Could a business man whose se- 
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curity was fonnerly good, continue to borrow money on it 
when it became worn out, impoverished, or worthless? As- 
suredly not. Neither as a policy, can political units continue 
to do the same when the investing public attains a discrimi- 
nating knowledge in such matters. The conclusions therefore, 
cannot be avoided. With proper maintenance, the life of the 
road is commensurate to a proper bond period and the effect 
is that everyone is paying a fair price for what he is getting 
while he is getting it. But without such maintenance, the users 
must pay an accumulating burden of debt up to the maturity 
of the first bonds, and thenceforth vastly higher than in the 
continuous maintenance plan, supposing the subsequent bond 
issues can always be safely floated. But if they cannot, then 
for something like three-fourths of the entire period the road 
users are paying for something which they are not getting at 
all, — a good and usable road. 

248. Deferred Payments: When? — The foregoing dis- 
cussion seeks to show that there has been a deal of loose think- 
ing on road-bond matters. But there is a proper place for 
long term bonds in road work which it is hoped the public will 
soon come to appreciate. Let us look into this more closely. 

The elements which go to make up the cost of important 
road improvements are substantially these: Surveys, purchase 
of right of way if necessary, building of culverts, bridges, and 
other drainage structures, earth-work to reduce grades (mean- 
ing the excavation of hills and filling of valleys), compacting 
and solidifying the grade, and finally the construction of the 
improved road surfacing, whatever it may be. Practically all 
of these items, save the last, fall into the same group. Once 
properly done these parts of the improvement are permanent, 
or are at least good for decades, possibly for centuries. It is 
the road surfacing alone which receives the wear and deteriora- 
tion due to traflGic, and must be sooner or later renewed, and 
around this the previous discussion has centered. 

It is plain therefore, that long term bonds are appropriate 
to raise money for all the purposes in the first group, but are 
not fitting for short-lived surfacing. This distinction has not 
commonly been recognized. It illustrates the inconttovex^SMsfe. 
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principle that roads cannot be built successfully by wholesale 
general plans, any more than a physician can cure patients, or 
a lawyer handle clients on a wholesale and invariable scheme of 
treatment. They are individual cases, and must be handled 
as such. The bane of road-building in America today is and 
has been the effort to apply unthinkingly and unintelligently 
methods which because they have been successful in one place, 
are sought to be applied imder conditions where they do not 
fit at all. 

It appears, too, that there is no fixed rule of proportion 
between groups one and two, discussed above. Consider each 
case by itself. The surfacing costs may vary from substan- 
tially the whole expenditure, to say less than forty per cent of 
it. The life of the bonds should be arranged to match the 
actual conditions, as explained at length. To do otherwise, 
places a severe economic burden where it does not belong. 

249. Serial versus Straight-Term Bonds. — Straight-term 
bonds, meaning to make a whole series, or issue, ^payable 
twenty years from date, for example, usually include a plan 
for a ''sinking-fund'' except iti the case of a railroad bond, as 
already explained. The ^^sinking-fund" is a financial device 
resting upon the fact that compound interest, growing thru a 
long term of years, mounts up rapidly at the end, and by reason 
of the added benefit of compounding the interest, the annual 
payments called for are less than would be the case were the 
interest not so compounded. 

For example, to 3deld $i.oo at the end of 20 years, with compound interest at 
5 per cent, an annual saving of 3 cents will suffice, tho the amount so actually 
saved by the investor has been but 60 cents. On this basis, a $50,000 bond issue 
would require that $1,500 be set aside for the sinking fund. If the bonds carried 
say 7 per cent interest, an additional amount of $3,500 would have to be provided 
also, making $5,000 the cost to the tax-payers annually on account of these bonds 
according to the financial bargain contained in them. The expense involved in 
maintenance is not now \mder discussion. 

250. Sinkiiig-Funds. — The sinking fund has been a favorite financial device for 
many years. Apparently it has great merit. What, if any, are its shortcomings? 
The first requisite is an absolutely safe depositary. Failing this, the scheme of 
course breaks down, and many such a sinking-fund holder has in fact absconded 
with the money, or lost it thru his own bad investments. It is of course a general 
banking principle that the banker pays interest for money in order that he may 
la vest it for a, greater return for himself. As an investor he may be either dishonest. 



ROAD FINANCE 167 

or incompetent, or, tho blameless, be the victim of circumstances for which he is 
in no wise responsible. Necessarily, therefore, the sinking-fimd in his hands shares 
in all these risks to a greater or less extent. In private banking there is probably 
no infallible safeguard that can be thrown around him or the sinking fund. 

Another element of uncertainty lies in changing interest rates. Economic 
crises of world-wide significance may affect them suddenly, or they may be subject 
to slow but steady changes, due to more local conditions. If the banker bids high 
for sinking-funds because the current rates are then high, they are most certain 
to come down before the long term has ended. Hence the temptation or necessity 
for him to seek to make large earnings on speculative enterprises, to the great 
risk of the sinking fund, as before. If thus lost, these funds must be simply paid 
over again by the long-suffering public. If, on the other hand, the banker bids 
low, because the current rates are low, they will probably* rise before the bonds 
mature, and the public must in this case pay a greater annual amoimt because the 
money will not compound so rapidly at the lower interest rate. But this, however, 
does not make the depositary any safer than in the first case. 

261. Serial Bonds. — Most of the risks and uncertainties of 
the sinking-fund plan can be easily avoided by what are called 
''serial'' bonds. This means that if $50,000 is to be raised, and 
the repayment is to be complete at the end of 20 years, then 
whatever their denomination, as $100, $500, or $1,000, a total 
of $2,500 will mature on each of the twenty years. The in- 
terest on that amount and the successive similar sums of course 
ceases when the individual bond is paid off. 

In the case similar to that above, the amount to be paid out at the end of the 
first year would be $2,500 plus 7 per cent (if that is the rate) on the $50,000, or 
$3,500, making a total of $6,000, against $5,000 on the other plan. But this interest 
charge will diminish by $175 per year until it reaches the $2,500 called for by the 
bonds in the last year, whereas in the first plan the $5,000 is a continuing charge for 
each of the 20 years. Making this computation of interest under the serial plan, it 
shows a total of $36,750 for interest alone, or an annual average of $1837.50. 
Adding the $2,500 for each of the bonds gives $4,337.50 as the annual total for the 
serial plan. This is an annual average saving of $662.50 over the straight-term 
plan, or $13,250 during the 20 years. This, it will be seen, is a total saving of 
26i per cent of the original issue, in favor of the serial and against the sinking- 
fund plan. Besides this, all the worry and risk incident to custody of the sinking- 
fund is done away with. No one can abscond with anything worth while. And 
if the burden is a trifle higher at first, this is no more than fair, since then the road 
surface is new and in the best possible condition. 

262. Dividing the Expense. — Every citizen desires the 
maximum benefits from road work at the least expense. He 
should also pay fairly 'and proportionately for benefits received. 
This involves questions of State Aid, State, County, and Road 
District Bonds. While the principle is easily stated., to ^osttfi^ 



1 68 THE AMERICAN ROAD 

out justly in every case is often difficult. The foregoing analy- 
sis of bond obligations applies whether issued by State, County 
or District. It dealt with the incidents of raising money by 
that method. We are now to consider from what sources 
money ought to come. 

Observation shows that roads vary in importance, and that 
fifteen per cent of them carry probably ninety per cent of the 
traffic. In homely phrase, ''They go somewhere and get some- 
where." The roads carrying the densest traffic should to a 
considerable extent be assisted by the State, because the 
people of a wide area use them, and the better they are the more 
of an asset they become to the State as a whole. There is no 
good argument why the local community should entirely sup- 
port these very widely used roads. 

The next roads in importance are those for which the county 
should be chiefly responsible, while the least used should be 
maintained locally. Any system which does not recognize 
clearly these general divisions is in serious economic error. 
Most States do recognize them to a greater or less degree. 

The fallacy is common that State Aid relieves from local 
taxation. In general this is not so since roads require real 
money whether called county, township, or State taxes. The 
State tax does, however, distribute the tax more broadly and 
should be applied only to undertakings where it is right that a 
broad general contribution should be made, and where the 
benefits are to a considerable extent non-local. Among' tJie 
different States there are numberless variations of plans 
whereby the expense of road work is apportioned. No at- 
tempt will be made to classify them here. 

263. Automobile Funds. — This is an interesting topic, 
with different aspects according to the viewpoint. Special 
taxation or licensing of autos has become firmly estal^lisht, 
the income from this source in some States amounting to nearly 
a million dollars yearly. From the standpoint of unlimited 
general use of public roads there seems to be no reason why 
automobile users should be specially taxed, any more than the 
owner of a horse and buggy, and especially the user of narrow- 
tJred vehicles. On the other hand, the wide use of these 
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machines has without doubt been vastly more destructive to 
road surfaces than the normal amount of animal-driven traffic 
would have been in the same period. Hence it is only fair that 
a special burden should be put upon those who own and benefit 
by them. This money should also be expended in some way 
of direct benefit to the roads. It is further true that autoists 
have been steadfast *' boosters'' for all sorts of road better- 
ments. In their enthusiasm they have voluntarily shouldered 
tax burdens more than they will doubtless be willing to con- 
tinue to do indefinitely, especially as the use of machines is 
becoming so general. They are becoming units of far-reaching 
importance in the transportation system of the country. 

A heavy auto-tax being now an establisht institution, what 
should be done with the proceeds? People whose minds run 
to extreme localization in everything say this license should be 
collected and expended by the smallest political unit, as 
township, village, or city. The next broader-minded class 
says it should be collected and administered wholly in behalf 
of the county. Reflection shows that a still broader view is 
mote rational. The fact that autos are in their very nature 
mostly used in inter-county and inter-state travel, shows that 
the county is too small a unit to deal with in this matter. 
If so handled the smaller and poorer county with small road 
revenues finds its roads habitually worn out by autos belonging 
to its larger and richer neighbors, with no prospect of ever 
righting the growing inequality. This view rests on the as- 
sumption that auto funds are large enuf to play an important 
part in general road revenues, as is the case in most States 
today. 

264. — Probably the most common, and best practice, is 
for the State to license autoists. The fee runs from a merely 
nomiixal sum to $30 or $40 for the most powerful machines, in 
some States. As a State revenue, then the question remains, 
how can it best be expended? In many States where the State 
Aid plan is in force in some form, the auto funds are incorpo- 
rated into it some way. Those who habitually plead for more 
roads, neglecting that vital element, maintenance, would turn 
the auto money into new construction, usually arguing, it is 
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true, for ''permanent roads/' but entirely ignoring, or ignorant 
of, the fact that there is no siich thing as a permanent road. 

Others, with broader view and keener vision, would divert 
the auto funds wholly or substantially to maintenance. If 
administered by the State upon wisely chosen *' State Roads," 
this is probably the most logical and best solution of the prob- 
lem. This plan, however, contemplates the inclusion of at 
least the more important ''county'' roads, or what might 
fairly be called such, within the class of " State" roads. 

The State Highway Commission, too, could fairly be supported and made 
effective thru the auto funds. Iowa, for example, diverts a fixed percentage of the 
license money to the exclusive administrative purposes of its Commission, this 
fund at the present time being sufficient to maintain an efficient personnel of from 
forty to fifty persons. 

■ 266. Conclusions. — It is perhaps not important, and is 
probably impossible to so perfectly adjust the apportionment 
of tax burdens that all share in absolute proportion to the bene- 
fits received. It is desirable that this result be obtained as 
far as practicable. The extent to which it is accomplished 
must always depend upon the statesmanship and clear-sighted- 
ness of those who frame our laws. At present every conceiv- 
able variation and combination of the elements enumerated 
seems to have been made in some State or other, and it would 
be hopeless to attempt a classification of them here. As a 
general truth, the use of ordinary taxes for road construction, 
and so-called permanent improvements, with auto funds prac- 
tically all going to maintenance, and administered with the 
State as the unit, is the most logical plan. 

266. State Aid and Local Assessments. — The principle of 
State Aid as already suggested, recognizes the scope of benefits 
by road improvements on important traflGic arteries as extend- 
ing beyond county limits. Many States have set an arbitrary 
proportion which the State will contribute when the county 
shall have interested itself suflGiciently to raise its share for new 
construction. In many of these cases, maintenance has not 
been duly considered, and the ultimate burden on the local 
communities may be greater than they would otherwise have 
undertaken. The proportion of State Aid, where given, is 
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therefore a vital matter in the long run, and should be speedily 
adjusted to give the greatest benefits at the least expense to 
all interested. In the same State it may be expected to vary 
with the class of improvements, with the growth of traflGic, and 
with the property development of the community. The laws 
should be so framed as to permit its adjustment. 

The phrase ^^ local assessments y^^ however, is generally used 
in a more narrow sense. The root-principle is that good roads 
enchance the values of adjacent property. The governing 
idea is seen to be that the pubKc should contribute generally 
and without distinction to the construction and maintenance 
of a road system, all of which conforms substantially to the 
same general standard. As soon as a road markedly better 
than the average is built at any place, then that immediate 
locaKty receives a special benefit in which localities lying at 
some distance share practically not at all. It follows that 
the locality specially benefited should make some special con- 
tribution to the cost in proportion to its benefits. It also 
follows that the greater the degree of improvement, and the 
more expensive it is, the greater contribution, or local assess- 
ment should be made for it. 

The practice of American cities with respect to paving taxes illustrates this 
principle, tho the practice varies from requiring abutting property-holders to pay 
the total cost of construction, to where the dty contributes perhaps half, and of 
course subsequently maintains it. There is every reason why this principle should 
be put into effect with expensive country road improvements, such as paving 
with brick or concrete, macadamizing, graveling, oiling, etc., the abutting prop- 
erty owners* share decreasing according to the scale just mentioned. 

To hold otherwise is to declare that the theory of the "unearned increment** 
is untrue, and that it is right for the many to pay taxes to unjustly enrich the few. 

But assessments should not be placed solely against property 
immediately adjacent to the road improved. It can be readily 
shown that the benefits extend to a considerable distance 
in either direction away from it. To extend the assessment 
two or three miles from the road on both sides would generally 
be fair, the distant lands paying a less amount, and would 
prevent an undue burden from falling on any one. Many 
States are moving in this direction. Oregon is one of the first 
to attempt to put this method of apportioning assessments 
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upoQ anything Eke a systematic basis. A more detailed ex- 
planation with an illustration of an Improvement district 
follows. 

Short-Lived Organization. — A current tendency in these 
local assessment and improvement district plans, but which 
must ultimately be corrected, is to allow the necessary organi- 
zation to lapse as soon as the original construction is completed. 
No provision is commonly made for maintenance, nor no 
continuing plan contemplated for future work, nor information 
collected upon which to prove or disprove the wisdom of mak- 
ing a similar choice again. These are economic and admin- 
istrative defects which must be remedied. 

257. Improvement Districts. — In cases where exceptionally 
costly construction is desired, say concrete or brick paving, 
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and for which there are not nearly sufficient funds derived 
from ordinary taxation, or where the direct benefits will be 
inore local than general, and especially where the improvement 
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is of such a type as to very markedly enhance the values of 
adjacent property, voluntary improvement districts, independ- 
ent of political or municipal lines, are sometimes formed. 
This is a wise and equitable plan, and is also especially appropri- 
ate where for one reason or another bond issues are not available 
as a means of finance. As just stated, the basic principle is 
that adjacent property will be greatly enhanced in valuation, 
and the extent of its enhancement will depend upon the 
distance away from the improvement. It is further true that 
this increase is not in a simple ratio to the distance, hence the 
difficulties of apportioning the cost equitably has often given 
rise to much confusion, and considerable contention. Since 
the apportionment is difficult to make at best, there would 
always be many who felt they were being unfairly treated. 
It is not so important exactly what the rule of apportionment is 
as it is important that it operates to treat every land-owner 
upon exactly the same basis. If it does not, disaster is certain 
to befall the project. 

To assist in such cases there is presented herewith a diagram which represents 
good practice in this direction. A glance at it shows that 50 per cent of the cost 
should be borne in the first fifth, or 20 per cent of the distance from the improved 
road; 90 per cent of the cost within 60 per cent of the distance out, etc. Being 
based upon percentages, the width of the District will make no difference in its 
application, so it may be used equally well for dty lots or for farms of varying sizes 
in a District, say two miles wide. To make it plainer, there is a diagram showing 
illustrative cases, in the upper left-hand comer of the figure, and three cases will be 
worked out, as examples. 

PROBLEMS 

268. Problem 1. — It is required to find the total cost to the owner of lot 
**D" (see diagram) for a proposed brick-paved road abutting his land, costing 
$15,000 per mile. The district is to be two miles wide, hence a mile on each side 
bears the cost of half the pavement, or $7,500. Figures on the sketch give rods; 
320 rods make a mile. 

First, find the *' distance-percentage" or ratio of the middle-distance of a man's 
land to the total half -width of the district. D's depth is 20 rods, hence his average 
depth, or *' middle-distance'* is 10 rods, which is one-thirty-second of a mile. But 
1/32 equals 3.1 per cent which, being sought on the bottom row of figures of the 
diagram, and then being read upward to the curve, we find our (imaginary) line 
to cut the curve at a distance between 10 and 20 which we may designate as 12 
per cent. This means that D, tho his land extends back but about three per cent 
of the width of the district, must still pay 12 per cent of the cost of all that pave- 
ment which lies on his frontage, — wholly because his land, lying on the imt»cn» 
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ment, will be most benefitted by it. Of course the balance of the cost for the same 
frontage will be shared-in by those behind him, in varying proportions. To find 
his expense in money will now be easy. 

A cost of $15,000 per mile is $47 per rod, or $23.50 for the half-width. D*s 
share of 12 per cent is, therefore, $2.82 per rod of frontage; since he has 35 rods 
of frontage, he will have to pay $98.70 as his share, or less than 20 cents per front 
foot. 

Problem 2. — How much will "B" have to pay with about three times as much 
area, and 2} times as much length (parallel to the pavement) but lying back a 
short distance? 

The average "distance-percentage," or "middle-distance" from the pavement 
is seen to be 20 plus 25 divided by 2, plus 20 divided by 2, equals 32} rods. This 
is substantially 10 per cent of the mile (320 rods), and we find that the 10 per cent 
line cuts the curve at 30, meaning that 30 per cent of the cost for any rod of front- 
age must be taken up before we pass B's south line to the next owner. Since, 
however, we have just found that the first 20 rods of depth took up 12 per cent 
of the cost, B will therefore only have to pay the balance, or 30 minus 12 equals 
18 per cent. 

Eighteen per cent of $23.50 is $4.23 per front rod, or distance along the pavement. 
B's land extends 86 rods in this direction, hence the total assessment on him is 

$363.78. 

Problem 3. — What will C*s assessment be, whose piece of land lies with two 
different depths in respect to the pavement? 

We shall proceed exactly as before, after having divided his land into pieces, 
60 X 55, and 22 X 35, respectively, and treating each piece separately, adding the 
two results together for his total assessment. 

In this manner, any size or shape of piece, lying anywhere 
within the boundaries of the Improvement District may be 
handled, and its share of the cost ascertained. It will be clear, 
of course, that the share of the more distant owners rapidly de- 
creases, so that those in the outside half pay only a total of 
ten per cent of the cost, as plainly shown in the diagram. 

259. Simplified Town Highway Accounts. — Mr. Buck, of 
the New York Highway Department, says: 

''In conducting the work of any town highway system organ- 
ized as a branch of the State system, simplicity must be the 
watchword. The road mileage is large, the amount of money 
small, and the agencies expending them all should be required 
to give a close adherence to definite, plain, and simple methods, 
in accounting as well as elsewhere. 

''If the system can be easily followed by local officials in 
actual charge of work, there are two important results. First, 
a complete and accurate record of funds expended; second, 
the Jessons of order and system learned are carried, perhaps 
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unconsciously, to other parts of the work, obtaining a more 
orderly, systematic and effective management of the whole. 

**The New York system of town highway accounts has proven very satisfactory. 
The funds are derived from two sources. First, a local tax upon the several towns, 
supplemented by ''State Aid'' depending upon the assessed valuation per mile of 
town highway, and the amoimt of highway tax otherwise raised. These combined 
form the township highway fund. 

''The town superintendent of highways is in actual charge of the work. He 
hires the men and teams, purchases materials, directs the work and acts as pay- 
master, using vouchers which are redeemed in cash by the Township Treasurer, 
and which are retained by him as a receipt for money paid until the close of the 
fiscal year, when upon rendition of his annual report, and its acceptance by the town 
board, the vouchers are filed with the town derk as a permanent record. 

"These vouchers are furnished by the State Highway Department, and con- 
sist of a printed form with necessary blank spaces for the date, name of payee, 
date and amoimt of services rendered, or material furnished, and the road for which 
it was supplied. Each voucher is attached to a duplicate stub, to be similarly 
filled out and retained. 

"The Treasurer is provided with an account book printed and ruled to receive 
an entry for each voucher paid, with spaces for sufficient particulars of identi- 
fication like that on the voucher. Pages are provided at intervals for a recapitu- 
lated statement of vouchers paid, the data on which are finally carried forward to 
a single page and condensed thereon, forming an annual report of the receipts and 
disbursements required by law of all such officials. Blank forms are also provided 
for making duplicates of this report to the county superintendent of highways, the 
State Highway Commission, and the State Auditor. 

"No other books or accoimts are necessary for these two township officers in 
properly receiving, disbiursing, and accoimting for the highway monejrs of any town. 
The township officials are pleased with this form of records, and errors and mistakes 
have been reduced to a negligible quantity. 

"Partial audits of the highway accounts of any town are made by the State 
Highway Department at any time when it is deemed necessary or expedient. 
This prevents many errors which might otherwise occur, and unwise or extravagant 
expenditures are prevented, or checked if begun. An annual complete audit is 
also made, and it is found that the form prescribed greatly facilitates and simpli- 
fies the work of the auditor, errors, if any, chiefly occurring thru ignorance or 
carelessness." 



CHAPTER XI 
STONE ROADS 

This whole text endeavors to show that sound principles of location, 
grading, and drainage must underlie successful road construction of what- 
ever tyi>e, and whether the surfacing material be cheap or costly. 
This diapter outlines the essentials of broken-stone, or macadam con- 
struction, especially suggesting a cheaper form of building in which may 
serve as a successful gradation-type between cheap earth and costly 
macadam work. This would particularly apply to those commimities 
favored with an abundance of stone, even tho supposed to be of inferior 
quality. 

260. — When a State or county is ready to undertake the 
extensive construction of crushed stone or macadam roads, 
costing five to ten thousand dollars per mile, then such com- 
plete engineering supervision and control is to be assumed 
that it is not within the scope and purpose of the present work 
to deal with its details. Furthermore, there is an abundance 
of literature already available on this subject, — a sufficient 
reason for not attempting it here. 

It is believed, however, that those who have pursued the 
present study up to this point will desire to have their ideas on 
the subject correct even if they are not comprehensive. The 
following outline of the subject is therefore submitted. 

Macadam Roads, The macadam road is named from John 
L. Macadam, an English road-builder, who died about 1835. 
The word ''macadam" now denotes a surfacing composed of 
angular broken stone bound together by, and whose voids are 
filled with, stone screenings flushed-in with water, and which 
is, by rolling, consolidated into a practically impervious crust. 
The surface and the sub-grade have a crown or slope from center 
to sides. 

A good macadam road should have (i) proper location, (2) 
easy grades, (3) perfect drainage, (4) firm sub-grade or founda- 
Uon^ (j) broken stone possessing good wearing and bonding 
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properties, and (6) careful inspection during construction. 
Proper location and easy grades are more essential for macadam 
than for less expensive roads, because unless correct at the 
outset, they cannot be changed without great expense. 

261. Sub-grade. — After a road has been properly graded 
and completed, the sub-grade may be formed by simply ex- 
cavating a trench of width and depth equal to that of the 
compacted stone surfacing. Spongy material wherever en- 
countered must be removed and replaced by good live earth 
or gravel. Where loose dry sand is encountered, care is 
necessary to prevent the sand from churning into the first 
layer of broken stone when rolling commences. On fills, if 
the earth has been deposited in layers and subjected to teaming, 
the sub-grade may be smoothed off and thoroly rolled. 
Enuf of the material may be piled along the sides or shoulders 
to form earth abutments to prevent spreading of the macadam 
when rolled. Too much care and effort cannot be given to 
solidifying and compacting the sub-grade or foundation. 

The Stone, Trap rock, which is usually very dark-colored, 
fine-grained, and exceptionally hard and heavy, is the best 
stone for plain, or ''waterbound'' macadam construction. 
But local stone of poorer quality must frequently be used, and 
the Office of Public Roads, United States Department of Agri- 
culture, tests samples from any locality free of charge. 

Good road stone must be: (i) Hard enuf to wear well; 

(2) So tough and strong that the steam-roller does not crush it; 

(3) Possess sufficient bonding qualities in its dust (when wet) 
as to aid in maintaining a smooth, unyielding surface. 

262. Construction. — The stone is usually placed in two 
courses. The lower course has sizes from i| to 3 inches in 
greatest dimension. If relatively soft, larger stones may be 
used than if extremely hard. Ordinarly a steam-roller can- 
not compact more than six inches of loose stone successfully, 
so the first course is rolled separately. The stone should be 
spread either from spreader-wagons or from dumping-boards. 
Careless dumping of the stone directly upon the sub-grade in 
piles causes an uneven finished surface, because of the greater 
packing of the stone at the bottom of the pile than is othendse 
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obtained. The first course is thoroly rolled until walking over 
it does not loosen the stones. Teams hauling stone for the 
upper course should guard against cutting ruts or churning 
stone into the sub-grade. 

When sufficiently rolled, a top-course of sizes from f to i J in. 
is then spread to a depth from 3 to 5 inches. 

When it has been rolled until its surface is smooth and the 
individual stones are well keyed together and no creeping or 
waving appears before the front wheel of the roller, the bonding 
process is commenced. 

363. Binder. — The bonding of a macadam road is accom- 
plished by completely filling the voids in the broken stone with 
"fines" or screenings from the crusher. The process of bind- 
ing, or bonding, requires the greatest care. The fines, or stone 
dust, should be worked into the road gradually. To accom- 
plish this, they are spread in thin successive courses with alter- 
nate wetting by a sprinkling wagon and continuous rolling. 
Care should be taken that wagons drawing screenings do not 
cut up the partially-built road. When the voids are completely 
filled, mud will flush to the surface in front of the roller and the 
bonding is complete. If the macadam is well bonded, the road 
is now strong enough to withstand the kick of a boot heel, and 
when reasonably dry, is ready for traffic. 

The width and depth of macadamized surfaces are governed 
by local conditions. A one-way road may be as narrow as 8 
ft. The general practice is to build macadam surface from 
14 to 16 ft. in width, but there should be earth berms or 
shoulders carefully maintained for an additional width of 3 
to 4 ft. on each side. The thickness of the macadam surface 
is determined somewhat by the traffic conditions and varies 
from 4 to 8 in. when complete. Loose broken stone is usually 
estimated to consolidate from one-fourth to one-third under 
rolling. 

A newly built or green macadam road sometimes immediately 
shows a tendency to ravel, particularly if the second course 
stone is trap or other very hard rock. This raveling usually 
cures itself but if continued, removal of the larger loose stones 
and additional rolling may be necessary. 
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266. Conclusions. — It should not be thought from the fore- 
going that the use of stone on roads is not to be thought of 
unless the county has the money to put into an expensive 
crushing and rolling plant, tho a stone crusher is relatively in- 
expensive, and the steam road roller of relatively recent in- 
vention. For fifty to seventy-five years macadam roads were 
successfully built when all the stone was broken by hand, and 
when the steam roller did not exist. Traffic was counted 
upon to consolidate the surface by steel-shod hoof and tire, 
and did so, when the stone was of suitable quality. The 
surface was maintained free of ruts and humps by constant 
attention, raking, and *' tinkering" during the months when 
consolidation was taking place. 

Given a locality which has stone of moderately good quality, 
there can be no doubt that a similar process can be carried out 
at a cost vastly less than the usual macadam construction. A 
road surface smooth and durable can be built and maintained 
provided only the persons in charge are wiUing to take the 
necessary pains with the work. 

It is probable that the application of the stone under this 
plan should be gradual, as putting on a thick layer of loose stone 
might easily be a very serious detriment to traffic. This raises 
the question of a *' modified" macadam, also, which in sub- 
stance would be an earth road with a stone foundation, but it 
would be handled and maintained as an earth road, and not a 
stone road. All that is herein said about sand-clay, gravel, 
top-soil and other advanced types of earth roads should be 
thoughtfully studied in this connection by the student road- 
builder, to the end that practical and economical local com- 
binations of the various methods may be put into practice. 
There will then be the greatest benefit to all interests, concerned. 
(See §§ 156-157 in this connection.) 



CHAPTER XII 
GRAVEL ROADS 

266. Definition. — What is gravel? Outside the engineer- 
ing profession the term *' gravel" has not been very carefully 
used. Those who think in general terms often refer to any 
material containing upwards of twenty per cent grit or sand, 
as gravel. In country road work this may lead to confusion 
and disappointment. 

The Engineering definition is: 

"Gravel consists of pebbles of various sizes, produced from stones, broken 
and then worn to smooth rounded corners. That they have been exposed for 
indefinite periods to atmospheric disintegration and mechanical wear, usually the 
rolling action of water, proves the durability and mechanical strength of the 
stone." 

For road-building purposes it must contain a binder of sand, 
clay or marl. 

266. Gravel as a Surfacing Material. — Authorities agree 
that suitable gravel for road-surfacing should meet the follow- 
ing requirements: The fragments should be too hard and tough 
to break readily under traffic. They should be so proportioned 
as to size that the voids will be a minimum, i. e. have varying 
sizes. They should be intermixed with some binding or ce- 
menting material to hold them in place. 

The hardness and toughness of gravel varies greatly. The 
nature of its origin, however, may be taken as more or less of 
a guarantee of its durability, since the softer and more friable 
fragments have been worn away while being transported and 
deposited. Ordinarily gravel is not considered equal to the 
best crushed stone for road surfacing, tho some gravel roads 
very closely resemble the best water-bound macadam, and have 
proved to be very durable and lasting under medium country 
tralBc. Hence where good gravel is found it has been widely 
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^ised in road improvements. In Indiana £^nd Maine it is the 
principal road-building material. 

267. Gravel Concrete. — By reason of its greater cheapness, 
usually, if available at all, gravel has also been extensively used 
in making concrete. Such uses are in concrete ends for pipe 
culverts, or entire concrete culverts. It is also frequently 
used for the aggregate in concrete for foundations, piers, and 
abutments under steel bridges. It has found a place, too, in 
all parts of the construction of reinforced concrete bridges. 
During the last few years, likewise, gravel has been extensively 
employed as an aggregate in concrete for road surfaces. It is 
also used in connection with bituminous or asphaltic surface 
treatments of roads, and has been used in the construction of 
asphaltic, or concrete surfaces. (See § 189 for Strength of 
Various Aggregates.) 

268. Value of Gravel. — Enough has been said to indicate 
that the road-builder who has an ample supply of good, strong, 
hard gravel at hand, in a reasonably suitable mixture of coarse 
and fine grains and containing some good fine binding material, 
has a highway asset of great value. The student should search 
thoroly in the country surrounding him for deposits of this 
valuable material, and should submit samples of his findings 
to the instructor. 

269. Properties of Gravel. — i . The ideal gravel for the road- 
builder is a high-grade material, prepared in Nature's labora- 
tory, requiring only to be property placed and compacted on the 
road to produce an excellent surface. Unfortunately the ideal 
gravel is not always or perhaps frequently to be had. There 
may be a deficiency of binder, or an excess of sand or earth, 
or a poor grading of the sizes. These shortcomings can often 
be remedied. Adding 10 or 15 per cent of good clay some- 
times makes a good road material out of an otherwise poor 
one. An excess of sand, earth, or large pebbles can be remedied 
by screening, while judicious mixing of gravel from different 
pits, or from different parts of the same pit will often greatly 
improve the quality. 

2. The shape and sizes of the pebbles composing the gravel 
have an important effect upon its value as a road material. 
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To bond readily the pebbles should be angular and vary in 
sizes so that the smaller fragments will fill the voids between 
the larger pieces. River gravels are often deficient in this 
respect, as they are usually worn smooth and rounded and lack 
the proper grading of sizes. But if clay or other binder is 
mixed with well-graded river or creek gravel, the results ob- 
tained are frequently satisfactory. 

270. — 3. Sizes: When gravel intended for the surface 
layer contains large pebbles, these should be removed or dse 
raked into the foundation. Frequently they can be broken 
with a hammer by the man who does the spreading. At least 
60 per cent of the weight of the gravel should be pebbles above 
J of an in. in size. In the bottom layers 3 in., and in the top 
layer ij in. diameter should be the maximum sizes. How- 
ever, agreement with specified sizes is not found to be the 
essential feature. Thus in Maine they have surfaced with 
i in to f in. sizes. The binding material, such as clay, should 
ordinarily constitute from 10 to 15 per cent of the entire mass. 

271. — 4. Road Use, The success or failure of a gravel road 
depends on the character of the material. There are three im- 
portant qualities which the gravel should have — hardness, 
toughness and cementing or binding power. Of these three the 
last is usually the most important. This binding quality is 
due to the presence of oxide of iron, lime or clay, and to the 
angular shape and varied sizes of the pebbles composing the 
gravel. A dark-colored gravel is generally better for road- 
building purposes than the lighter colored ones. This is be- 
cause the darker gravels are generally composed of material 
derived from the basalts, diabases and hornblende granites. 
These, as a rule, are materials well suited for road-building, 
as they possess hardness, toughness and good cementing quali- 
ties. 

Caution. In hauling and placing gravel on the road care 
should be taken that the finer material does not separate 
from the coarser, as there is a general tendency for the finer 
particles to go to the bottom. It is often advisable to spread 
a thin layer of fine binder-material over the road surface after 
the gravel has been distributed and partially rolled. But too 
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large an amount of binder on the surface of the road will make 
mud. 

272. — 5. Before placing the gravel on the road the foun- 
dation and drainage should be prepared in practically the same 
manner as for a macadam road. The practice of dumping 
gravel promiscuously on the surface of the road and leaving it 
to be compacted by traffic is to be severely condemned. It 
produces a poor and rough road surface and entails a large 
waste of material, requiring an excess amount usually costing 
far in excess of what would be required to put the foundation 
in proper condition. 

If the compacted depth of the gravel road is to be seven 
inches or more, it is best to place the gravel in two layers, 
each rolled and compacted thoroly. Loose gravel will usually 
compact from 25 to 30 per cent. (See § 283 for quantities 
needed.) 

The construction of a gravel road takes time because the 
binding or cementing process is usually a slow one. The final 
completion of a gravel road may be said to be a "process" rather 
than a single operation. 

273. Maintenance. — Careful attention is needed during the 
first few months or possibly a year of the gravel road's life. 
The split-log drag or better, the *' Road-Planer'' (see § 161) 
can be used to smooth the surface, fill the ruts and maintain 
the crown. Large pebbles which appear on the surface should 
be thrown off or removed by hand rakes. While the road is 
being built a few loads of gravel should be dumped at conven- 
ient places along the road-side for later use in mending patches 
which tend to ravel or wear rapidly. After the gravel road 
has become thoroly bonded the maintenance requirements 
become very small under ordinary conditions of traffic, but 
prompt and proper maintenance must never be neglected. 

274. Construction Methods. — In building a gravel road, 
beginning with the sub-grade, it is probably best to open a 
trench to receive the gravel, giving it the same crown or cross- 
section as the finished road will have. In the special gravel-on- 
clay sections as developed in Minnesota, however, no trench is 
needed. It has been found that gravel containing Hav ^r 
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sand, or even loam, not exceeding 20 per cent of the entire quan- 
tity, makes excellent road material and will bind or compact 
readily. After the gravel has been properly placed on the 
sub-grade it should be thoroly sprinkled and rolled. 
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Where a gravel is deficient in binder, success has been 
attained by mixing clay with it on the road, using a peg-tooth 
harrow for mixing or dragging the clay into the gravel. Then 
a grader is used to smooth the surface, which is then thoroly 
roJJed. Large stones are thrown out as fast as they appear on 
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the surface during the harrowing. Water is put on to soak up 
the clay in the binder, but not enuf to soften the sub-grade. 
The first course may consist of 3 in. gravel with clay binder and 
the second of if in. or if in. gravel topped with fine material. 
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276. — "In New Hampshire surfacing is accomplished by building the shoulders 
of other material and rolling enuf gravel to be 8 in. deep over the metalled surface 
of the road. The rough 
grading is left with a 
crown of 3 in. to loi ft. 
(roads are 21 ft. wide) 
giving the gravel loj 
in. depth in the center 
and 3 in. on the outside 
edge of the road. This 
reduces the average 
thickness of the metal 
but gives a gravel 
shoulder which is inval- ^'Of-oin Wo- 
uable in the mainte- 
nance. It also gives a 
lo-in. depth for the 5-ft. 
strip in the center upon 
which the major por- 
tion of the travel comes. 

"The gravel is usu- 
ally laid in two courses, 
which assists in getting 
proper compactness, but 
it is not so imperative, 
provided the gravel is 
self-binding and the 
load is dimiped far 
enuf ahead so that 
it must be completely 
forked and shoveled 
over. Where laid in one 
course it is easy to 
spread the gravel so 

that the larger stones are all in the bottom of the road, keeping ahead of the work 
in this way and leaving the surface composed of the finer material. 

"If a binder consisting of clay or marl is to be used two courses besides the 
binder should be laid. It is advisable to work the clay course thoroly through 
the top surface with a harrow. 

" Frequently enuf rain falls to allow building the road without using a sprinkler. 
The simmier of 19 13 was extremely dry, and for a considerable time after com- 
pletion the roads upon which no water had been used failed to *come together.' 
A good soaking rain compacts^a soft road readily, but where sprinkling is too ex- 
pensive it is wiser to build without it. 
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Standard Cross Sections for Gravel 
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''When funds are less plentiful, ho shoulders are built, but successive thin 
layers are applied, after the road has been suitably graded. If each layer is kept 
smoothed up by dragging, harrowing, or rolling if possible, until it is thoroly com- 
pacted, before the next course is applied, a strong and substantial road crust is 
formed, not easily broken thru, or damaged, as will be true if too thick a layer is 
used 

276. Cost. — **The cost of gravel roads varies widely. The pit price of gravel 
may be only 5 cents per cu. yd.; its cost is fixed by the average haul. With 
the material very near, the cost of gravel construction may not exceed $1,600 a 
mile, while with a 2-mile haid it may reach $3,500. Assuming grading and drainage 
expense to be $1,200 per mile, the total cost per mile varies from $2,800 to $4,800. 
The average of all gravel roads built in New Hampshire has approximated $3,900. 
Many of these roads are in remote sections, where the cost of the more espensive 
road would be far higher than the average in States where the railroad facilities 
are better. In Minnesota (1914) the average cost of graveling was given as $831.70 
per mile, which included the cost of probably i ,000 cu. yds. of gravel. The average 
maintenance was $44.67 included in general repairs." 

277. Avoiding Screening. — The expense of screening may 
be to a considerable extent avoided if there are good foremen 
in the pit and on the road. It will be possible to select material 
out of the different parts of the pit, and if the gravel lies in 
strata of different-sized pebbles, as it frequently does, it may 
be selected substantially as desired. There is a place in the 
road for everything that comes out of the pit, and the good 
foreman finds it. The strippings are used on the shoulders to 
raise grades, or widen banks, and material too large for the 
bottom course goes to make an extra course which serves as a 
foundation in low or muddy spots. Michigan recognizes the 
effect of the coarse material upon the type and quality of road 
produced by preparing standard specifications for 40 per cent 
and 60 per cent gravel, designating thereby material in which 
40 or 60 per cent is in sizes between J and 2 in. in diameter. 

278. Binder. — The binding material found in, or added to 
gravel, may be clay, loam, iron oxide, silica or stone dust, 
resulting from the crushing under traffic or rolling of the softer 
materials in the gravel. Ordinarily a gravel which stands in 
a vertical face in a pit and has to be loosened, possesses good 
binding qualities and makes a good road surface. Many 
gravels do not have the right amount of binder and cannot be 
used without re-grading and mixing, and these must also have 
the customary care in spreading, rolling, etc. If too much 
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binder is present, it must be screened out; if not enuf, 
binder must be added. This is a matter that requires careful 
attention because many road-builders are too anxious for a 
gravel road to bind quickly. An excess of binder, if of a clayey 
nature, causes muddy roads during a protracted wet spell, or 
when the frost is coming out. 

Roads surfaced with clean gravel, comparatively free from 
binding material, have been found well-bound after a few 
months traffic. This is due undoubtedly to the crushing under 
traffic of some part of the gravel, or to the production of fine 
dust by grinding or wearing off which has worked into the 
surface and acted as a binder. 

279. Maintenance. — If, in a gravel roadway, a small de- 
pression appears and holds water in wet weather, it must be 
remedied promptly if a serious hole and its attendant repair 
expense are to be avoided. If the bottom of the depression 
is tight and firm, pick the material loose for an inch or so in 
depth before putting in new material to fiU the depression. 
If, on the contrary, it is loose, clean out the old, loose stuflf 
until the edges of the hole are nearly vertical, and throw it 
away; then put in the fresh material, tamping it well and cover- 
ing it with finer sizes to aid it in packing down quickly. Always 
use for repairs, as nearly as possible, the same material as 
exists in the roadway adjacent to the place needing repairs. 
This is important for securing the subsequent evenness of 
surface and of wear. 

Mr. Hooker of New Hampshire, previously quoted, says: "Under the patrol 
system a gravel road could he maintaiijed in excellent condition at a cost of one- 
quarter of that of the higher types of roads." He believes, however, that the 
patrol system of itself is not enuf to properly maintain the highways. *'The 
ideal system of maintenance uses a repair gang or a flying squadron, who shoidd 
do the preliminary work in the spring necessary to put the road in good condition 
before turning it over to the exclusive care of the patrolman. 

280. Maintenance of Gravd versus Macadam. — He continues: "The special 
advantage in maintaining gravel roads consists in the adaptability of the road 
c!rag or hone to this work, the availability of the material for repair and the low 
cost of resurfacing. With material fairly available the cost of 4 or 5 in. of gravel 
"Upon the road wiQ not exceed $500, and with a patrolman on the road such resur- 
facing will not be required within eight or ten years after construction. The yearly 
resurfacing charge, as distinct from maintenance, will be then only $50 or $60 
per mile, while the resurfacing of various types of macadacm. xcwAsk^r^^V^sSosSss^ 
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require at least ten times that amount. The patrol cost will not be more than $ioo 
per mile nor the repair gang $50, so that the total maintenance charge over a series 
of ten years will not be more than $200 per mile. The foreman of the repair gang 
on road work should have sufficient knowledge and experience to justify spending 
his entire time in suj>ervising and planning the work without attempting to labor 
with his men. The element of thoroness in details, such as complete cleaning 
of mud holes, sufficient material, swift repair of water breaks, etc., cannot be over- 
emphasized. There is always enuf necessary planning and supervision to keep 
a good road foreman occupied." 



It is desirable to keep a little loose gravel on the road 
surface, if necessary, in order that severe scraping opera- 
tions, tearing up compacted surface to secure material to 
fill little ruts and depressions be not necessary. System- 
atic dragging after rains, continued repairs by using fresh 
material on the little defects, and a sparing use of the scrap- 
ing grader, — these are the secrets of successful gravel-road 
maintenance. 

281. Sand and Gravel Deposits. — The enormous use of 
concrete in engineering construction and road-building has 
markedly developed two collateral industries, — quarrying and 
stone crushing, and the utilization of sand and gravel deposits. 
The old idea dies hard that the rough surface of broken stone 
makes a substantially stronger bond with cement than the 
smooth surface of water-worn gravel, notwithstanding that 
numerous tests have proved the perfect bond of cement with 
smooth gravel. 

It is now realized, too, that for reinforced concrete work a 
good gravel runs around reinforcing bars better than broken- 
stone concrete. Where clean gravel is obtainable at a low 
price, there is every reason why it should be used by the en- 
gineer. In concrete-road construction, admittedly the most 
severe service to which concrete is now applied, a large pro- 
portion of the concrete roads thus far constructed have been 
built with gravel aggregate. 

282. — For concrete and road-building purposes the exact 
characteristics of Oklahoma's sand and gravel deposits have 
not been particularly investigated. A few progressive states 
are showing a lively activity in this direction, however. New 
Vork with its hundred-million road-bond issue, now being 
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spent, conducts a vast number of tests of three road materials, 
and from the records, is building up a road-material map of 
the State, of constantly increasing usefulness. 

It should be one of the first tasks of a State Highway Com- 
mission when given the means for doing so, to locate and 
classify these deposits as fast as road work was projected near 
any of them. When an improved road project comes up 
one of the first things to be done should be a systematic and 
thoro search for sand, clay, gravel, or mixtures of these 
materials in that neighborhood, or within a reasonable power- 
hauling distance. There can be no doubt that considerable 
sums of money spent in such investigation would be an excel- 
lent investment, for with suitable materials discovered and 
available the advantages of stone roads might be had at perhaps 
a fifth of their cost. 

282a. Quantities Needed. — As previously discussed, there 
are three general classes of roads: the main inter-urban high- 
ways, the principal market roads and the branch rural roads, 
including those in sparsely settled sections. For the first 
class, a standard width of 24 ft. roadway for sub-grade is rec- 
ommended with a minimum surfacing 16 ft. by 6 in., requiring 
approximately 1600 cu. yds. of gravel per milei 

For the second class, of greater mileage, a standard width of 
20 ft. sub-grade is recommended with a minimum gravel sur- 
facing of 16 ft. with a thickness ranging from 6 ins. in center 
to I in. at the sides. This requires approximately 1,200 cu. 
yds. of gravel per mile. The additional cost of placing gravel 
to a width of 16 ft. instead of 8 ft. as was formerly the custom, 
is more than offset in the maintenance costs, for a better dis- 
tribution of travel is obtained and dragging may be done with- 
out damage to the surfaced portion. 

The third class of roads might well be constructed with a 
traveled roadway of 16 ft. and graveled 8 or 12 ft. Such roads, 
however, should only be constructed where travel is extremely 
light, with practically no motor vehicles. 

The Good Roads Year Book (1914) gives the following 
quantities per mile for 10 ft. of width. Quantities for other 
widths may be proportioned from this. 
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Gravel Per Mile, io-Ft. Width 



Thickness Compacted 
Inches 
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CHAPTER XIII 

SAND-CLAY ROADS 

• Two road-building materials, sand and day, each possess qualities that 
largely offset the poor qualities of the other. Sand is loose and incoher- 
ent; day is unctuous and sticky. Put the grittiness of one against the plas- 
tidty of the other, mix, mix, mix, . . . then smooth the surface, pack it 
down, and the result is a road surprisingly hard, strong, and smooth. 
It is called a sand-clay road. 

This chapter gives the details of numerous variations on the plan thus 
broadly outlined. It also goes fully into practical tests of these materials, 
whose aim is to learn whether they promise satisfactory results. Plainly 
it is wise to do this testing in advance of spending large sums in full-scale 
experiments on the roads. The usual costs are indicated. 

283. The Sand-Clay Road. — Sand and clay are the two 
most universally distributed ingredients of natural soil, occur- 
ring either separately or mixed by nature in various proportions. 
A sand-clay road is a tjrpe of scientifically constructed earth 
road. It is an earthy hardpan produced or improved by the 
skillful combination or manipulation of sand and clay. The 
principle of its strength is that a mechanically interlocking 
aggregate of sand or gravel is cemented together by an adhe- 
sive earthly binder. The stronger the sand or gravel is, and 
the better natural bond it has the more durable the road, and 
the less its cost of maintenance. 

Within the past decade the sand-clay surface for country 
roads has been very generally adopted thruout the Southern 
States where the materials are available. This type of sur- 
face generally appears to fit the traffic and climatic conditions 
and to meet the requirements of low first cost which distinctly 
rural and thinly populated districts demand in road construc- 
tion. It will not stand a dense steel-shod traffic. 

284. The Value of Sand-Clay Roads. — The sand-clay road is 
of recent development and its value is not universally under- 
stood. Its cheapness makes it desirable as its orig^lal co^t 
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is roughly only from one-eighth to one-third as much as that 
of macadam road. It is easily kept up and is easily renewed. 
Its surface is in a considerable measure ** self-healing." The 
materials are widely distributed and are usually to be obtained 
where stone is lacking or at so great a distance as to render the 
cost of transportation prohibitive. The construction is able 
to support in weight any sort of country traffic. It is very 
solid, only slightly dusty in dry weather and never very 
muddy. 

286. Theory. — Sand is a bad road material because it 
possesses no cementing properties, and its particles are free 
to move about each other. Clay forms a plastic, sticky mass 
when wet. An excess of water in sand makes it soft and 
"quick," but just enough water to fill the voids or open spaces 
between the sand grains renders it quite firm. The object of 
the sand-clay road is to bring about a condition where clay, 
like the water, just fills the voids in the sand, leaving the 
corners of the grains touching each other. The clay then 
prevents the sand grains from moving freely over each other 
when the mixture is dry, and the bracing against each other 
of the sand grains prevents the mixture from becoming soft and 
plastic when wet. If too much sand is present, the clay cannot 
keep the grains separate and the mass will behave like sand 
when it is dry. If there is too much clay the sand grains be- 
come entirely separated and cannot reinforce each other and 
keep the mass from becoming plastic when wet. The correct 
proportion is difficult to ascertain except by trial. 

286. — True Clay and ** Colloids." — The University of 
Georgia laboratory defines "true" clay as that portion of the 
sample which remains in suspension after settling for thirteen 
minutes through water 3^ inches deep. It is removed by 
repeated washing, settling, and careful siphoning ofiF. Most 
natural clays are impure and contain large percentages of 
coarser materials such as sand, mica, and silt. They vary 
greatly in plasticity and in the expansion and shrinkage under 
the action of water. The true clay contains an extremely 
fine portion called "colloidal" clay, which is very glutinous 
or gummy. The coarser clay has less gumminess. It is thought 
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that the binding value of the clay depends largely on the 
amount of fine colloidal ingredients. In dry weather, this 
gives great adherence, but unfortunately in wet weather the 
colloidal matter softens quickly. It is probably one of the chief 
causes of the high expansion of certain clays when wet. 

287. — The argument would then be that a clay too rich in 
colloidal matter when used in a sand-clay mixture softens too 
readily and by swelling tends to break the interlocking strength 
of the sand grains. The larger the total amount of clay the 
greater the expansion. The most desirable kind of clay would 
be that which has a rather low colloidal percentage to meet 
wet conditions but yet enuf to bind firmly the sand grains 
in dry weather. It is also desirable that the total of real clay 
should be as low as possible consistent with adhesive strength 
in dry weather to avoid expansion effects. This also points 
to the value of a closely-graded sand mixture with a minimum 
of voids, thus requiring a minimum of clay. 

288. — Slaking and Shrinkage of Clays. — Mr. Gearhart, of 
Kansas, points out that a discussion of clay properties should 
not be dismissed without particular reference to these quali- 
ties. 

"While laboratory tests help us to know what to expect, the best check comes 
by building only a few miles of road at a time. This is a practical test of a day's 
worth. The properties of greatest importance in road construction are plasticity, 
and the property of slaking when first wet. The most plastic of these materials 
are technically called 'ball clays.' A lump of such clay immersed in water will 
usually preserve its form a considerable time. Non-slaking clays, altho very sticky 
when wet, readily mix with water. Some other clays, however, will immediately 
fall to pieces when immersed, due to the rapid absorption of water in the pores. 
These are slaking clays and mix easier with other materials than the more plastic 
ball clays. This is of course an advantage for road building, but they often have 
inferior binding power. 

289. — "There is still another physical characteristic of clay vitally important for 
roads. Many clays shrink when dry. This shrinkage is the measure of expansion 
which renders the sand-clay mixture imstable. When water removed by evapora- 
tion is restored to the sand-clay mixture it causes expansion which separates the 
grains of sand. This property is inherent in the clay and cannot be overcome, but 
by using less clay its destructive action can be lessened. 

The best kind of clay for road work is one which slakes easily enough to enable 
the lumps to be readily broken up. At the same time, without being too plastic, 
it has sufficient binding power to cement the grains of sand and form a smooth, 
impervious road surface. The available materials should therefore be tested to 
secure a clay with the least possible shrinkage." 
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290. Sand-on-Clay. — To build such a road upon a clay 
sub-soil, requires it to be thoroly drained and the founda- 
tion to be properly prepared. Surface water must also be 
carefully provided for, and the grade should not exceed four 
or five per cent. The surface of the sub-grade should be plowed 
and harrowed to a depth of about four inches until completely 
pulverized. It is then covered with six or eight inches of clean 
angular sand. 

The materials are best mixed while comparatively dry, 
tho it has been common to do the entire mixing and puddling 
with the materials wet. It is, however, a difficult matter to 
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mix the sand evenly with the clay if the latter is soft and cut 
into ruts by travel. Though the preliminary dry mixing is 
desirable, often conditions do not allow it and the sand has 
to be mixed on the wet clay road. After this first mixing has 
been finished the road is puddled, reshaped, and reworked if 
necessary afterward, using any method which appears most 
practicable to shape-up, smooth and compact the surface. 

In case an excess of clay works to the surface, tending to 
make the surface sticky when wet, sand should be applied 
until this trouble is overcome. 

291. — When completed the sand-clay should be from eight 
to twelve inches in thickness, depending on the sub-grade or 
foundation. With a hard clay foundation, eight inches will 
suffice. If the foundation is sand, it is well to put on as much 
as twelve inches of surfacing material. After a few hundred 
feet of surfacing material have been placed, a grading machine 
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should be run over it to smooth and crown the road before the 
top becomes too hard. 

After the first heavy rain the road should be harrowed and 
then dragged, or, preferably rolled. The mixture should now 
begin to set and become hard and firm and the road may be 
supposed to be completed, though it should be carefully and 
frequently inspected for a few weeks afterwards. Sand should 
be added to places which soften by rain, and clay of good 
binding power is needed wherever the road loosens in dry 
weather. 

292. Traffic Method. — In many instances the sand has 
been spread over the clay road and trafl&c alone does the mix- 
ing. This method has given satisfactory results, but it is not 
recommended as the best because it takes a much longer time 
and often there is not a thoro mixing of the two materials. 

293. Clay-on-Sand. — In this method clay is hauled upon 
a properly prepared, shaped and graded sand foimdation and 
mixed with it. The mixing process must be thoro and is carried 
on by plowing, harrowing, in fact by any means that will effect 
a thoro incorporation of the two materials. Experience has 
shown that applying sand successfully to a clay foimdation 
is easier than the opposite process. Since the foundation is 
sand, a little more clay will be necessary than where the foimda- 
tion is of clay or soil. If the clay is very pure and plastic a less 
amount will be needed than if it is lean or sandy. After apply- 
ing a suitable layer of clay, then a layer of sand, usually dragged 
on from the sides, should be placed upon that, and the mixing 
begun. After a heavy rain the road should be again harrowed 
and shaped up. The first mixing should be dry, if possible. If 
too much clay has been used the road will be muddy and 
sticky when wet. Spreading more sand, however, will remedy 
this. 

294. Time and Patience. — A sand-clay road, unlike other 
roads, cannot be finished in a short space of time. It can be 
left in an apparently finished condition with a hard, smooth 
surface, but the hard surface in reality may be only a crust, 
over perhaps several inches of loose material. After the first 
hard rain, the crust softens, the road will probably get bad^ 
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and the work appear to be a failure. This, however, is just 
what is needed to make it eventually good. When the sur- 
face has dried until the mass is in a plastic state it should be 
dragged smooth, and again given a proper crown. It should 
be kept this way by dragging it at least once a day until the 
sun has baked it hard. It is a mistake to keep traffic ofiF during 
this process. The tamping of the wheels and hoofs is needed to 
compact the sand-clay into a homogeneous mass, and the ordi- 
nary roller is not very effective in this work. It would appear 
that a tamping roller, such as has been used in the construc- 
tion of oiled roads in California, should be very effective for 
this purpose. 

296. Dust. — The quantity of dust raised on a sand-clay 
road by an automobile depends largely on the amount of clay 
and general excellence of construction. If it is well constructed 
and of good materials, it will yield from one-fifth to one-tenth 
of the dust raised on a water-bound macadam road under the 
same conditions. An excess of clay will yield dust. Also, 
the road will tend to ravel and then become dusty, if the 
clay is of poor quality or deficient. 

296. Quantity of Sand or Clay. — The quantities necessary 
to add to a sand sub-soil, and of sand to a clay sub-soil will be 
of interest. 

If the road-bed is nine feet wide on a sandy sub-soil and the clay is added to a 
depth of six inches, it would require 880 yards of clay to cover a mile of road. For 
a 16-foot road it would require 1,574 cubic yards of clay. If it is a first-class plastic 
clay, free from sand, and only 4 inches of it were needed; this would require 587 
cubic yards for a mile of 9-foot road, and 1,049 cubic yards for a mile of 16-foot 
road. If the road-bed has a clay sub-soil and sand is added to a total depth of 
8 inches, it requires 1,173 cubic yards per mile for a 9-foot road, and 2,085 
cubic yards for a mile of 16-foot road. These figures are subject to some modifica- 
tions, depending on the nature of sand and day used. 

297. Summary of Established Practice. — Clay Base: i. 
Have the top of the clay grade smooth and about four or five 
inches lower than it will be when finished. 

2. Plow and harrow the top for the width the sand is to 
be put on, leaving it loose but smooth, with no big lumps. 

3. Spread evenly about four inches of sand over the top, 
plow and barrow. 
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4. Spread four more inches of sand over the top and harrow 
and drag thoroly. 

5. Use clean coarse sand, even if it has to be hauled some 
distance. 

6. When possible, harrow just after a rain. 
Sand Base: 

1. Smooth the sand road, leaving it perfectly flat. 

2. Spread the clay the desired width and from four to six 
inches thick. 

3. If the sand base is clean sand, drag it up on the clay for 
a thickness of four inches and plow, harrow and drag thoroly, 
preferably after a rain. 

4. If the sand base contains loam, haul clean sand from 
a pit. 

5. Use natural sand-clay mixture in preference to pure clay. 

298. Natural Sand-Clay Mixtures. — If natural sand-clay 
mixtures are available locally, but are not suitable for use 
alone, because of a deficiency in either sand or clay content, 
the defect may be corrected by adding the proper quantity of 
either material. This method of treatment is generally more 
economical than building up an entirely artificial mixture, 
using sand as a base, adding the proper quantity of clay, and 
mixing. Occasionally it may be possible to successfully combine 
two natural mixtures in which an excess of sand appears in one 
and of clay in the other and trial mixtures made until a strong 
road material results. 

299. Modified Natural Mixtures. — The advantage of using 
a natural sand-clay as a basis for artificial mixtures lies in the 
fact that the two materials are already somewhat thoroly 
mixed, and the incorporation of the additional sand or clay 
will be more easily effected than when making a purely arti- 
ficial mixture. In the latter case, the clay tends to form in 
clods and balls and thoro incorporation of the two is accom- 
plished only after a long-continued process of puddling and 
working. 

300. Wintering. — Information is lacking in regard to cli- 
matic effects on sand-clay roads, especially in the north. But 
there were more than 24,000 miles of sand-clay roads, va. t3c!i& 
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United States in 1909 and more than a third of these were in 
the northern states. Undoubtedly there is no great damage 
done by frosts or the northern roads would suffer consider- 
ably. 

301. Georgia Top-Soil Roads. — The use of natural mix- 
tures as a special tjrpe of sand-clay road has been developed 
to its greatest excellence, perhaps, in the state of Georgia, 
tho Alabama, Virginia and the Carolinas have made notable 
progress in this direction, also. During the past seven years 
the University of Georgia has been studying, observing and 
testing sand-clay roads and the materials for making them in 
that State. It finds for example that the average cost for 
16-foot wheelway laid 10 inches deep may be placed at $500 
per mile. 

302. Results. — It is, of course, found that the sand-clay 
surfaces are of varying efficiency, but that any suitable road 
soil (meaning a natural sand-clay mixture or "top-soil," which 
they often find in the cultivated fields adjacent to the high- 
ways) does away with the two great traffic enemies, deep sand 
and deep mud. 

The better grades, usually carrying coarse sand and gravel, 
give a surface too hard to cut with the heaviest road machin- 
ery and are capable of supporting the heaviest loads after 
long rains, are free from mud or excessive dust, and uninjured 
by automobile traffic in both wet and dry weather. 

The medium grades carrying medium sand and less coarser 
gravel are firm and hard but can be cut by heavy road 
machines; are somewhat softened in long rainy spells but do 
not cut deeply, and are somewhat dusty in dry weather. 

The soft grades carrying chiefly fine sand are firm and 
strong in dry weather, are subject to washing and softening 
in heavy rains, and can be resurfaced with light metal or split- 
log drags. They usually show a lack of balance between sand 
and clay and mark the lower limit of suitable road soils. 

303. — The characteristics of the so-called top soil mixtures 
are rather indeterminate, varying from a sand-clay thru all 
gradations to an excellent road gravel. 

It is found, in general, that these "top-soils" are a fairly 
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well-mixed and uniform mass of gravel, sand, and clay, ready 
for use without further intermixing; that they pack down 
promptly under construction teams and traffic; that even 
where freshly laid, the mud in rainy weather is not deep and 
sticky; that after a rainy spell the roads dry out promptly, 
then harden and do not soften materially under subsequent 
rains. These are some of the reasons why the method has com- 
mended itself to both county authorities and the public. 

304. Methods. — First: The road bed is graded to a width 
of 30 ft. 

Second: In the center a bed of top-soil 10 in. deep and 16 ft. 
wide is laid. The teams haul over this bed as the work pro- 
gresses. With clay foundation no trench should be prepared 
to receive the top-soil. 

Third: The road machine excavates flat side ditches 6 in. 
deep and 4 ft. wide, throwing the earth as a shoulder against 
the top-soil bed, and then crowning the whole from ditch to 
ditch. 

Fourth: The construction teams and traffic pass over the 
green bed and pack it down chiefly in the center. When several 
hundred yards are thus partially packed, the road machine 
pulls in the material from the sides and resurfaces the bed. 
New top-soil is delivered upon weak places and the whole 
shaped up. 

Fifth: As fast as the sub-grade is made ready the top-soil 
layer is spread on it. Thus by the time ^ mile of road has been 
graded and covered with top-soil, the first } mile has under- 
gone considerable packing and resurfacing and is getting into 
good shape. 

Sixth: For some weeks close attention is paid to the new 
bed, watching for weak places, doctoring them, maintaining the 
grade with new top-soil and keeping the crown fully up to 
I in. per foot. 

Seventh: Wet weather hastens the period of consolidation 
if followed by a dry spell. When packed quite wet, the wheels 
consolidate the material from the bottom upward. In dry or 
moist weather, the top layer only is consolidated and may 
cut thru at the next rain. A period of wet weathet is \iss^aH^ 
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necessary for a full packing down of the top-soil into per- 
manent firmness. 

Eighth: Usually in two months a new top-soil road-bed is 
consolidated, shaped into its correct crown, and able there- 
after to withstand the rains and traffic. 

305. Cost, — The cost per mile to Clarke County, Georgia, 
of putting on a top-soil coat is estimated as follows, using 
convict labor at 50 cents per day and the county teams at $1 
per day: 

2,600 cu. yd. top-soil, hauled 400 yd., at 10 cts $260.00 

2i acres top-soil, purchased at $30 75.00 

Side ditches, shaping, etc., during consolidation 65.00 

This county has virtually abandoned the construction of 
macadam roads in favor of the top-soil road. These were for 
metal surface 14 ft. wide, costing $4,000 per mile. The interest 
charge for one mile of macadam road will build ^ mile of the 
top-soil road. That the maintenance of the top-soil road by 
machinery is very low and that the life of a lo-in. bed with 
high crown will be at least five years and probably longer 
before renewal, emphasize the financial wisdom of the change 
of policy. Other road costs were (Georgia, 1913) : 

Athens- Jefferson Road, $318 per mile, took 300 cu. yd. material (loose) or 10.6 
cents per cubic yard. Convicts at 50 cents per day, and teams $1 per day. 

To this add $80 if average haul is one-half mile; and add $240 if haul averages 
I mile. 

Another mile took 2,000 cu. yd. average haul 900 ft. or at a cost of 12.7 cents 
per cubic yard for material, labor costs as before. 

An artificial mixture of sand-clay-gravel cost $475 per mile, labor as above, 
took 2,700 yd. material, average haul 2,700 ft., cost, 17.6 cents per cubic yard. 

306. Essentials of the top-soil method as now practiced are: 
First: The selection of a top-soil containing 50 per cent or 

more of hard, coarse residue, avoiding highly micaceous or 
soft organic soils and using; sticky clay as the binding material. 
It is preferable when the ingredients are uniformly mixed by 
the farmer while cultivating the land. 

Second: Use a thick layer, 10 in. to 14 in., according to the 
character of the foundation, to avoid cutting thru into the clay 
foundation and to allow for wearing down. 
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Third: Use a high crown, at least i in. per foot^ As the 
center wears off, the road machine dresses the bed down to a 
low crown. There is enough sound material in the high bed to 
make the difference. The material best suited for surface 
work should be reserved for that purpose, and the inferior 
material may be used to make the fills, which are then covered 
with selected surface material. In handling dirt in this manner, 
the initial cost is increased, but the results fully warrant the 
small added cost. 

307. Virginia Specifications and Conclusions. — 

(Extracts): "All stones over 3 in. in diameter are to be thrown out. The soil 
on the road, when completed, shall be 10 in. thick in the center, tapering-out at 
10 ft. from the center, except in cases where in the opinion of the engineer these 
thicknesses should be increased or diminished. The surfaced roadway is to be 
20 ft. in width." 

"The soil is to be kept in position on the roadway by a road machine, or other 
means satisfactory to the engineer, until it has been thoroly wet down to the sub- 
grade. The soil or surfacing is then to be reshaped and dragged with a split-log 
drag until it is thoroly dry and has set or hardened true to the specified cross-section. 

"The finished road should have a crown of not less than | in. to the foot and 
not more than i in. to the foot." 

308. — Their Engineers also report that the road should not 
be considered complete the first time the surface is put in good 
shape. Bad sections may develop after the surface has been 
in shape even one year. The real tests for such a road are 
protracted droughts and long-continued, slow, drizzling rains, 
followed by freezing, which is very trying, and the best road 
will probably require some dragging after such weather. If 
well-built, a split-log drag used when the top is dry enuf 
not to stick and still wet enuf to pack will put the surface 
in good shape again. If not worked when plastic the drag 
must give way to hard labor with pick, rake, shovel, and 
hand-tamper, all used "judgmatically." In sections where 
the sand-clay or soil roads have been built the large increase 
in taxable values will probably provide a sufficient fund to 
resurface with as good or better material within a few years 
if necessary. 

309. "Organization and Equipment. — An equipment for one force consists 

of 16 to 20 mules, one 6-horse grader, one 2-horse gradet, o\\a locAsst ^^Jsss^ ^^awt. t^ 
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horse turn plow, one 2-horse turn plow, about seven wheel and drag scrapers, one 
wagon with slat bottom for each 2-horses, one heavy disk harrow and one split-log 
drag for every four or five miles of road to be constructed, one spike-tooth drag 
and small tools, such as picks, shovels, etc. An equipment of this size will cost 
about $6,000. Two foremen and 20 to 30 laborers are usually required to operate 
this equipment, and the cost per month will average about $1,500. A force of this i 
size will build from one to three miles of top-soil road per month. In Virginia, where [ 
the convicts are furnished by the State free of cost, the cost to the counties will * 
be about one-half of the above." 

^^Cosi. — For about 270 miles of top-soil and sand-clay 
roads built in Virginia during 19 13 the average cost was $883.32 
per mile/' 

310, General Comments. — "These Georgian roads near 
cities are generally 35 and 40 feet in width because of heavy 
trafl&c conditions. As the trafl&c decreases further out, the 
width is reduced to 30 feet and the materials are sand and clay 
instead of gravel. The practice is to use these materials for 
a minimum depth of 12 inches and to thoroly mix by plow, 
harrow, and road machine. When finished, roads are packed 
by rain and traffic, during which period the drag is constantly 
used to preserve a symmetrical contour. Roads so built show 
practically no effect from heavy rains. Reinforced concrete 
bridges and culverts of ample size are used on all perma- 
nent construction, the policy being to eliminate wooden 
bridges. 

"As a result farmers are hauling five or six thousand pounds 
to a pair of mules where the previous load limit was 1,500 to 
2,000 pounds. Another result is that land values on all im- 
proved roads have increased from ten to twenty dollars per 
acre, and the people who live in the city are buying country 
places for their own use. The auto enables them to reach town 
for distances of six miles or more as quickly as a surburban 
street car." 

311. Recognizing Natural Mixtures. — If a good natural 
mixture can be found a great deal of labor and expense is 
avoided. The most important point is to recognize such a 
mixture when seen. It may usually be noticed in any section 
where clay and sand are found. It may crop out well up in 

the bills and liave in ditches and cuts the appearance of sand- 
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stone. A really good stratum of well-mixed sand and clay will 
stand perpendicularly in cuts and ditches, resisting erosion 
almost as well as soft sandstone. 

312. Testing. — A test of the best natural sand-clay mix- 
tures will show the sand to be about 70 to 80 per cent of the 
whole. The test is simple. Take an ordinary medicine glass, 
measure two ounces of the material and wash out the clay. 
Dry the remaining sand and measure again in the medicine 
glass. The theory of the sand-clay mixture as a good road 
material is that the clay fills the voids between the grains of 
sand, firmly binding them together, while the sand forms the 
wearing surface. If there is not some such proportion of binder 
poor results are probable. 

A washing test of Georgia top-soil samples has been performed as follows: The 
sample was measured in volimae, then washed in running water until all the day, 
mica and light ingredients were washed away, leaving the heavy sand and gravel. 
The volume of this was then measured. The samples were taken from the same 
points furnishing top soil for the roads. Ocular inspection had shown that they 
were highly charged with coarse material, and that while containing some mica, 
the day present was well in excess of mica, and was of a sticky quality. The 
percentages by volume of the heavy residue ran from 40 to 65. The roads built 
from them had proved satisfactory. 

313. Test for Voids. — The approximate proportions to be 
used in a sand and clay mixture may be determined by filling 
a vessel with a sample of the sand, and a similar vessel with 
water. The water is poured carefully into the sand until it 
overflows. The volume of water used represents roughly the 
proportion of clay needed. Ordinarily from 10 to 15 per cent 
of clay and from 85 to 90 per cent of sand constitute the 
proper mixture. The proportion of sand and clay can best be 
determined, however, as the work progresses, since the clay 
often naturally contains some sand. 

314. Slaking-Ball Test. — Tests of value in preliminary 
investigation and in determining correct proportions during 
construction and after completion of the work are summarized 
here. 

Typical samples are taken both of sand and clay. Mixtures 
are made, ranging from i part sand to 3 parts clay, up to 3 
parts sand to i part clay, as the materials appear to warrant 
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it. These mixtures should be made to vary by one-half of i 
part, 1:3, i:2j, 1:2, etc., i§: i, 2:1, 2j:i, etc., and should 
be worked up with water into putty-like masses. 

From each test, take a small sample of from i to 2 cu. in. 
cut out with a small measure. A small medicine glass, or 
even a large brass thimble is handy. It is essential to get 
equal samples of each test mix. These samples are then 
rolled between the palms of the hands into reasonably true 
spheres and placed in the sim to dry. Marks may be scratched 
on them. When thoroly baked, they are placed in a circle in 
a flat dish and covered with water, avoiding pouring water 
on the samples. Slaking begins at once and proceeds at dif- 
ferent rates. The sandy specimens will break down first, those 
with excessive clay will disintegrate second, and those having 
about the proper proportions will act more slowly. Usually, 
there will be one or two that determine the proper prop>or- 
tions of the materials, and these usually lie together in the 
series. 

Rubbing Test. — Another test of some value can also be 
made on the dry spheres. Lightly rubbed with the thumb, 
those having too much sand will break down rapidly. Those 
having too much clay will soon begin to "dust" away, while 
those having the most stable mixtures will assume a slightly 
glazed efiFect under the rubbing, due to the moisture and oil 
of the skin. 

These two tests will not give the same results. The dry test 
will indicate a mixture richer in clay as the better one, and 
the wet test will indicate a sandier mixture. The sample indi- 
cated as satisfactory under the wet test that lies between the 
other two will prove best in service. These tests do not deter- 
mine the absolute sand or clay content of the mixture, for the 
clay selected almost always contains sand, and the sand, in 
most cases, contains silt or clay. The tests serve, however, to 
fix the actual values of the mixture in the pit run, as represented 
by the samples. 

Clay: Thumb Test. — An almost absurdly simple test, but 
one yielding valuable knowledge is this: wet the thumb and 
place it against the clay. If it sticks to the thumb it is of the 
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right quality for making a sand-clay road. If, on the other 
hand it does not stick, we are safe in assuming that it will not 
make a good binder. In general, select the stickiest clay and 
the most sharp and coarse sand available. 

315. Gypsum-Clay Roads. — Of special interest to the 
western part of Oklahoma, Kansas, and other states similarly 
situated is the possibility of combining the sand of their sand- 
hill regions with some form of the g)^sum widely distributed 
there also. The following is extracted from a report upon an 
experimental road built in 1909 by the United States Office of 
Public Roads at Garden City, Kansas. 

"In the semi-arid portions of Kansas, Nebraska and Oklahoma there is an 
extensive area of sand hills. These hills are usually parallel to the rivers and vary 
in width from a few hundred yards to several miles. They are continually shifted 
by the winds, and hence road building in this region is a difficult problem. Good 
road material is scarce and the country is sparsely settled. In many localities 
there are no road materials except an alkali soil, gypsum clay, or a gumbo-like 
sedimentary day. 

316. — "At Garden City, Kansas, the sand hills run parallel to the Arkansas 
River. A careful inspection of the vicinity revealed no available road material 
except occasional deposits of gypsum clay distributed irregularly across the sandy 
belt. From one of them the material used was taken. The farther down in the pit 
the stickier the day was and the better it compacted after adding sand. 

" The problem was to find the best method of handling the local material, 
Gypsum Clay, to produce a road with a wearing surface capable of resisting the 
action of the constant winds, generally from the south. For this experiment a 
section of road 765 ft. long, situated on the slope of a sand hill, was selected. 

317. — "The day was hauled directly upon the road, for a width of 12 ft. 
spread to a depth of about 9 in., the hauling moving over the loads previously 
deposited. All holes so developed were filled at once. Ordinary traffic was allowed 
upon the road and this compacted the clay firmly. During the time of hauling the 
clay no rain fell, but after the hauling was completed a heavy rain thoroly soaked 
the day. While the road was wet a spike-toothed harrow was put on and the day 
completdy pulverized. Then five furrows were back-furrowed on each side of 
the clay, thus raising the sand shoulders above the day center. A split log drag 
was now put on the road and the sand thus raised by plowing was pulled from the 
shoulders upon the day and thoroly incorporated. The road was then smoothed 
and left for travd. 

318. — "The construction of this road followed dosely the ordinary method 
of sand-clay construction. A surface was necessary which would resist the occa- 
sional heavy showers inddent to this climate and at the same time resist the action 
of the winds. Therefore, the day having the greatest tenadty was sdected. 
Because of the dryness of the climate it was deemed best to prof>ortion the day 
far in excess of the sand. While the clays available may not be altogether desir- 
able, still any day that will pack imder traffic will improve greatly the heavy 
sands foimd in this locality." 
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319. The Cost Data of this experiment follows: 

Per 
Total cu. yd. 

Stripping clay in pit $ 7.17 $0,024 

Plowing up clay in pit 10.50 xxp 

Loading clay into wagons 33.00 .129 

Hauling clay to road 39-50 .154 

Spreading clay on road 10.00 .037 

Sanding, harrowing, and finishing road 2.33 .009 

Cost of day on road per cu. yd 40 

The cost per square yard of part clayed was 10 cts. and the rate per mile $70745. 

320. Kansas Sand-Gypsum Roads. — Mr. Gearhart, State 
Engineer, said in 1910, 

"The first Sand-Gypsum road in Kansas appears to have been constructed in 
1892 near Kinsley in Edwards County. Here gypsum is foimd in large quantities 
in the flats and sand-hill beds. It is about i part gypsum to from 3 to 5 parts 
sand, resembling a sand-lime mortar of the same prop>ortions. In some of the 
beds large deposits of gravel are found with the gypsum which add very much to 
its road-making value. 

"From 1892 to 1902 a total of 25 miles were built, all 16 ft. wide. The gypsum 
was placed 8 in. deep in the middle and about 6 in. deep at the sides. The average 
haul of the gypsxmi was J mile. Three dollars per eight-hour day was paid for teams. 
The traffic did the mixing and the cost was $350 per mile, probably including 
donated labor. The cost of maintenance with a King drag is $10 per mile per 
year. Before the roads were treated 50 bushels of wheat was the maximum load 
for four horses. Now 100 bushels can be hauled with ease. 

321. — "In 1905 and 1906 4 J miles of sand-gypsmn road were constructed south 
of Syracuse in Hamilton County, Kansas. This road is 16 ft. wide and the gypsum 
was placed 8 in. deep. Teams at $3.50 per day; average haul, three miles. Mixed 
by traffic, the cost was $500 per mile with probably some free labor, or 5.3 cts. 
per square yard. Maintenance with the King drag is $5.50 per mile per year. 
In dry weather the surface grinds up some and blows away. This trouble can be 
overcome, doubtless, by treating the surface with a good grade of road oil, tho the 
alkali may injure the oil considerably, as shown elsewhere. 

"Lnmediately after a rain the road is rather slippery, but this can be eliminated 
by a little sand on the surface. One thousand f>ounds was a big load over this 
sand road before it was improved, but now 3,000 lbs. is a very ordinary load. 

"In 1909 five miles of sand-gypsvun road was constructed, a very heavy day 
was used which contained about 20 per cent, of gypsvun and 15 per cent, of gravel, 
and it has made a very fine road. The road was left for the traffic to mix the ma- 
terials and $50 per mile has been spent in dragging, shaping up and repairing 
the weak spots. The road is dragged after every rain and high wind. A 6,000 lb. 
load on the wagons with 2-in. tires is often seen on this road. It used to be a three- 
hour drive over six miles with two horses in a buggy." 
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322. Study of Sand-Clay Materials. — One of the best 
earth roads is the sand-clay road — when it is good, and it is 
found in all degrees of goodness. In some the surfaces can 
hardly be surpassed. Under ordinary rural traffic some have 
notable durability, while others are relatively poor. The 
reasons which make one sand-clay road good and another 
inferior lie in the nature and composition of the sand-clay 
mixture. The precise analysis of sand-clay mixtures having 
known service records, to determine what made one serve well 
and another less well, has but recently been adequately under- 
taken. 

Where these are not tests of artificial mixtures but are 
analyses of natural mixtures in service, the value of the results 
is greatly enhanced. Directions for conducting sand-clay 
analyses are summarized in the following paragraphs. 

It may be taken as a broad and easily applied rule that 
sand which in size and grading of particles makes the best 
cement mortar will also make the best sand-clay mixture for 
roads. 

Elaborate investigations have been made by the Highway 
Department of the University of Arizona, including a study of 
the Georgia roads, to determine the proper proportions of sand- 
clay mixtures to yield the best results as to durability in all 
weathe,rs, and absence of mud and dust. 

323. — First a study was made of sand-clay roads already 
constructed, as to life, present conditions, traffic, and cost, 
and the physical properties of sand and clay used in them. 
Twenty-five hundred miles of sand-clay roads some time in 
service were thus investigated. Definite information could 
be secured covering materials, methods, and behavior of the 
road at all seasons. Nine hundred samples of materials were 
collected and examined in the laboratory. 

324. — There were five steps in the analysis: (a) Separating 
sand from clay; (b) mechanical analysis of the sand content; 
(c) slacking test on cylinder of sand-clay; (d) examination for 
mica and feldspar; (e) slacking test on clay cylinder. 

After pulverizing the sample only that part was tested which would pass through 
a No. 10 screen (i.e., ten meshes to i inch). Having taken a known mass ol th& 
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mixture, the day and sand were separated by washing. The sand was then graded 
by screens of 20, 40, 60, 80, and icx> meshes, and the percentage of each grade 
noted. 

The soil-slacking test indicated the resistance of the material to water. To 
make it a cylinder of the material of stiff pasty consistency i in. in diameter and 3 
in. in length was made and dried. Then it was inmiersed in a jar of water and the 
time noted for it to disintegrate. The most durable mixtures, in general, are 
those which take longest to break down. 

Mica and Feldspar, imless in quantities greater than 5 per cent., will do little 
harm and if in large quantities can be detected by the eye and touch. 

The slacking test in day is made after the sand has been removed. It is con- 
ducted in the same manner as the soil-slacking test and is used to determine a 
clay's value for binding. If it disintegrates in less than two minutes it should be 
considered as doubtful unless the soil was slow in disintegrating. 

325. Conclusions. — From observation of roads and labora- 
tory analysis, the following conclusions were reached: 

The total relative sand content, disregarding the size of the 
grain, is no criterion of value. The sand smaller than the No. 
60 is of little value and No. icx) size is detrimental if there is 
much. But since the best natural mixtures do not have clay 
enough to fill the sand voids alone it is evident that a part of 
this space is filled by the finest sand. Undoubtedly this fine 
sand is more useful, too, in this position than an equal amount 
of clay. The greater the proportion of coarse to fine sand the 
harder and more durable will be the road surface, provided 
the coarse material is hard, strong and non-crushing. If soft 
for any reason, its use is undesirable. There can be no doubt 
that in wet weather the strength of the road depends pri- 
marily on the sand, and graded coarse sizes are better than 
uniform fine sizes. 

For the best results with sand-clay mixtures, the sand 
smaller than No. 10 and larger than No. 60 should not be less 
than 45 per cent nor more than 60 per cent of the dry sample. 
In addition, the sand smaller than No. 10 and larger than No. 
60 should be composed of about equal parts of Nos. 20, 40, and 
60. Material coarser than No. 10 is classed as gravel, and 10 
to 15 per cent of this is desirable. 

Test cylinders of sand-clay mixtures, i in. by 3 in. long, 
should, after having been dried in a steam bath of 212® F., 
take at least two minutes, when immersed in water at 40® F., 
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to crumble and fall down to the natural slope of the material 
and preferably should take six minutes. 

The clay cylinder should show as much resistance to water 
as the soil cylinder if it is a good binder. It could be used 
with good results, however, if the soil cylinder showed greater 
resistance. 

326. Tests of Sand for ordinary uses, such as for mortar or 
concrete, should also be regularly made on work of impor- 
tance. The importance of its quality as bearing upon the 
success of the mortar or concrete has only been appreciated 
of relatively recent years. 




Obvious tests have been for cleanness, when the material was 
carefully washed, and its weight before and after compared, 
after drying in each case; gradation of sizes determined with 
sieves ranging from 10 to 100 meshes to the inch; determina- 
tion of voids by pouring measured quantities of water into 
known volumes of sand ; tension and compression testa <3^ <:»fc«». 
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and briquettes of mortar; and microscopic tests for shape and 
cleanness of grains. Of these, the first and second tests are 
regarded as most important. The diagram herewith illustrates 
the proportions of various sizes in five different sands. Samples 
B, C, and D would be classified good, especially C, while A 
and E are poorly graded, hence poor for practically all engi- 
neering and highway work. 



CHAPTER XIV 

ROAD BUILDING WITH OILS 

When any of the mineral particles of a road are fine and dry, there 
will be dust. Dusty roads are bad. If there is no native medium for 
holding this fine dust in place, mineral oils, or bitumens, have been 
successfully used. Much has been heard about this treatment for 
, maintaining stone-road siu*faces imder auto traffic, and now similar 
methods are coming into use on earth roads. This chapter simmiarizes 
the present practice and experience of a half-dozen States, and mentions 
a few other dust preventives. 

327. Oil-Sand Roads. — There are considerable sections in 
Oklahoma and other semi-arid regions where the surface is 
largely sand. Elsewhere, we have dealt with the sand-clay- 
gravel, or "top-soil" road, as it is called in the South Atlantic 
States. Many sections, however, have great stretches of deep 
sand roads where there is neither suitable clay nor gravel 
available for improvement into one of those types, nor any 
cementing material such as gypsum, promising any good re- 
sults. It seems, therefore, that there is an especially fruitful 
field of investigation for the improvement of these roads with 
oil. 

328. Historical. — Light or crude oils of various sorts were 
proposed for keeping down the dust on macadam roads in the 
Eastern States almost as soon as the automobile began to 
make itself felt. It was soon seen, however, that a more sub- 
stantial material was necessary. This first led, in France and 
England, about 1900, to extensive experimentation with coal 
tar upon their macadam roads. The same practice became 
prevalent in Massachusetts about nine years ago and then 
spread into nearly all of the progressive states with the growth 
of automobile travel. 

329. Use of Bituminous Materials. — Coal-tar and the 
various grades of asphalt are commonly classed as bitamens. 
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in road building, and several standardized methods of use 
have been perfected. One method simply makes a surface 
application of bitumen to old macadam roads. Another is the 
mixing of crushed stone with hot bitumen and spreading it on 
the road when it might be called bituminous macadam, bitu- 
minous concrete, asphalt macadam, Bitulithic (which is a 
trade name for a bituminous concrete), etc. 

330. Asphalt Pavement. — The well-known sheet asphalt 
pavement of cities, expensive to lay and expensive to maintain 
(the source of untold graft), contains approximately lo per 
cent asphalt or bitumen and 90 per cent of sand, fine clay and 
dust, thoroly mixed, heated, spread on a concrete foundation 
and rolled. It should be noted here that asphalt, being a 
natural product, has the property of solidifying which coal-tar, 
being a distillation product from coal, does not have, at least 
to the same extent. It should be further noted that the sheet 
asphalt pavement has usually a 6-in. base of concrete but a 
wearing surface of only 2 to 3 in. 

331. Country Roads. — The above conditions are very dif- 
ferent from those to be found on a country road and our dis- 
cussion must proceed accordingly. That is to say, if we are to 
use a surface of sand and asphalt upon a country road we 
must have an infinitely better-prepared foundation or sub- 
grade of earth than is common. The asphaltic surface-layer 
must be thicker than upon the concrete base, or else the sur- 
face must be maintained by additions of top dressing when- 
ever depressions or settlements occur. With these limitations 
there is no reason why some asphaltic treatment of country 
roads is not a feasible proposition, and at a cost probably not 
prohibitive. 

332. — Before leaving the pavement t3q>es, however, atten- 
tion is directed to the so-called bituminous carpet. It is by 
many advocated and deemed essential to protect the surface 
of concrete pavements such as have within the last two to three 
years been built upon certain country roads in the Northern 
States adjacent to large cities where heavy motor and horse 
travel existed. While the concrete pavement was first regarded 
as the solution of all pavement troubles it was soon evident 
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that its surface was likely to be easily chipped, hollows and 
rough places were quickly worn in it, — hence the necessity 
of the bituminous covering as just suggested. In this case 
the hot asphalt or bitumen is spread over the surface in a thin 
sheet and coarse sharp sand immediately spread over it to 
absorb it, the two materials forming the protective carpet. 

333. Cape Cod Roads. — Reverting now to the country 
roads, we may learn from the experience of Massachusetts. 
Cape Cod is at the end of a long arm of land reaching out into 
the ocean, the eastern 40 or 50 miles of which are practically 
all loose beach sand. Inasmuch as this territory is mostly a 
great summer resort the road problem became still more acute 
with the advent of the automobile. No clay or coarse gravel 
being available, the effort was made to bind the material with 
grass roots but with no success. The United States Office of 
Public Roads sent special agents to investigate the problem 
and a solution has finally been reached by heating and thoroly 
incorporating heavy asphalt with the sand in pug-mills, in 
effect binding the asphalt and sand into an asphaltic pave- 
ment. 

334. California's Experience. — During the past ten years 
a great deal of experimentation and construction with asphal- 
tic oils has been carried on in the dry sections of California, 
also. It was first observed that the dry sand and dusty soil 
around the oil wells soon became, through the waste or leakage 
of the crude oil, to resemble asphaltic pavements. It should 
be borne in mind, however, that the California oils are espe- 
cially rich in asphalt, the percentage running as high as 70 to 
80 or more in some cases. It has further been found by count- 
less experiments that if petroleum has either a paraffine base 
Uke the Pennsylvania oils, or one in which there is considerable 
paraffine as well as considerable asphalt, as in the oils of north- 
ern Oklahoma, its use for road purposes meets with little suc- 
cess. The paraffine appears to lubricate the sand instead of 
binding it together. 

335. Petrolithic. — CaUfornia has built many miles of road, 
especially in the irrigated fruit growing districts where the 
sand and dust was formerly several inches deep, by what is 
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called the Petrolithic method. The process may be essentially 
described as follows: 

After the road is graded, where necessary, the soil is ploughed, harrowed and 
thoroly loosened to a depth of about lo in. In this loose state the oil Is ^nad on 
to a quantity of about one-half gallon per square yard. It is harrowed aiulxolti- 
vated for a long time until the oil has been thoroly mixed-in, then a apedal roll- 
ing tamper is put to work. The tamper is a patented device and operates to pack 
the bottom of this loose layer before the top. Successive thoro cultivationa and 
mixing take place and the use of the tamper is continued until a layer of well-oiled 
soil is produced from 6 to 8 in. in thickness, supported, moreover, on a substantial 
and well-built sub-grade. 

Upon the advent of this method extravagant claims were 
made for it, as of every other good thing. Of course, also, 
there were many failures or partial ones, while the technique 
of this kind of work was being learned. It is also clear that 
there is no mystery about the effects of this oil and that the 
success or failure of such a road largely depends upon the size, 
shape, hardness and general physical character of the mineral 
materials used. That is to say, materials which would bind 
well naturally have their binding qualities considerably assisted 
by asphalt. Those which are extremely deficient in binding 
qualities probably will not prove successful in any road under 
hard service. 

336. Oklahoma's Position. — Since Oklahoma oils have 
been for a number of years shipped to eastern markets for road 
use, in such States as New York, New Jersey, Massachusetts 
and Connecticut, apparently here is a field worth thoro investi- 
gation for their use in sections where other road building 
materials are deficient. It may be suggested that their uses 
will be found in two fields: (i) in applying oil to sand roads, 
or of soil deficient in binding power, as already suggested; 
(2) possibly to form a bituminous carpet when later in our de- 
velopment macadam roads shall have been built in those sec- 
tions containing rock suitable for this purpose. Then an 
increasing automobile traffic will doubtless demand such a use. 

337. Oklahoma Asphalt. — Before speaking further of the characteristics ol 

suitable road oils, attention should be directed to the "Rock asphalt," so called, 

wherein Oklahoma has a vast and unique source of potential wealth, both for 

building her own roads and for exporting the materials to other states. It ¥ras 




A village street. Note where the oil stopped. 




Sa.ine road, with and without oil. (Iowa.) 
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long ago found that an asphalt>limestone, that is, a limestone naturally impreg- 
nated with asphalt, mined in the valleys of Northern Italy, made an extremely 
durable paving material. This led to the invention of modem asphalt pavement, 
— which is but an imitation of this natural product. Kentucky has mined, on 
a small scale, asphaltic sandstone with which she has built roads under the name 
of Wadsworth macadam. But since the supply was limited the cost was so great 
that only a purely local development has been made. 

The reports of the Oklahoma Geological Survey indicate that in asphalt rocks, 
such as limestone and sandstone impregnated with asphalt, Oklahoma's resources 
transcend those of any other state in the Union and possibly of any other country 
in the world. Such being the case, would not investigation and study along these 
lines be amply repaid? The commonwealth has within her boundaries unlimited 
quantities of this material to be had at a moderate cost but which other states 
must perforce transf>ort long distances and at a high cost. 

338. Oa on Earth Roads. — To further illustrate its applica- 
tion in detail the following quotation from the CaUfornia High- 
way Department (1906) is made: 

^'The oil is simply sprinkled on the road, laying the dust and incidentally harden- 
ing the surface. AUiali soils disintegrate the oil and destroy its binding qualities. 
A sandy loam is the most suitable for treatment, usually giving good results when 
properly treated with an oil of good binding quality. Clay is probably the worst 
of all, as it does not absorb the oil well and exhibits a tendency to ball up and give 
trouble; sand should, therefore, be added to the clayey surface. Special attention 
should be paid to drainage, as the roadbed is to be dry when the oil is applied. 

Another method. — The road is first plowed to a depth of 6 in. and properly 
crowned; all clods and lumps are broken up by means of a harrow, and the roadway 
well sprinkled with water; a specially constructed rolling tamper is then used by 
which the lower portion of the loose earth is compacted to a depth of about 2 in. 
except in cases where the sub-grade is unusually firm. After the lower f)ortion is 
made firm, a heavy asphaltic oil is applied, ij gallons per sq. yd., and a cultivator 
passed over the road until the oil and earth are thoroly mixed. The tamper is then 
used again, and the road is further compacted until only i J in. of the loose material 
remains on top. Oil is again applied, and the surface rolled with the tamper until 
firm, and finally it is ironed down with an ordinary roller, with additional applica- 
tion of earth to take up any excess of oil. A road constructed in this manner 
will require from 2§ to 3 gallons of oil per sq. yd. It is hard and dustless and re- 
sembles asphalt. California oils are the best. Texas and Kentucky oils cost from 
4 to 8 cts. per gallon. The residuums and special preparations vary from 2 to 12 
cts. This seems to be a modification of the Petrolitic method. 

338A. Kansas Oiled Roads. — In 1915, the State Engineer 
described their methods and results as follows: 

''A shoulder furrow is plowed on each side of the roadway, 
to be treated, from 16 to 18 ft. wide, and the loose earth is 
graded outside of it. If there is too steep a crown the center is 
plowed and the material thrown out to the sides. B^ y^<v«vcvss^ 
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only the shoulders it is easy to shape the sub-grade to a crown 
of about I -inch to the foot. Practically the same care is 
exercised in preparing the sub-grade as for macadam. The use 
of the solid shoulder prevents the oil from spreading and 
facilitates the mixing and tamping process. Sandy soils are best 
adapted to the oil treatment, but satisfactory results are 
obtained on clay and heavy gumbo if the earth is thondy 
pulverized. 

" The grade of oil used is much more impK)rtant than the kind 
of soil. Light oils and those having a paraffine base are little 
better than so much water. The oil should have an asphalt 
base of at least 85 per cent, free from paraffine and all lighter 
oil, and be applied to the road at a temperature of not less 
than 250° F. Such an oil needs heating before it can be taken 
from the tank cars. They usually have special steam coils 
for this purpose. Three hundred and forty decrees Fahrenheit 
in the car permits the oil to be delivered on the ground at about 
250° F. This requires a steam pressure of 100 lb. per square 
inch. 

'^ Application. — After applying ij to i^ gallons of oil on 
the rolled sub-grade, sufficient earth is graded on top of the 
oil to absorb it. For a treatment of i^ gallons to the square 
yard about 4 in. of loose, fine earth is applied over the oil, 
and thoroly soaked with water from a sprinkling wagon, and 
the tamping process begun. A disk harrow, with blades set at 
an angle, and a drag are employed to stir and mix the oil with 
the earth. The harrow and drag precede the tamping roller. 
As soon as the first course is thoroly mixed the operation is 
repeated. The earth used should be just enough to absorb all 
the oil. When the tamping roller rises to the top and the 
surface has been thoroly compacted a water-tight wearing sur- 
face of from 5 to 6 in. thick will have been formed. Should any 
surplus oil come to the surface after travel has been allowed 
on the road, a small amount of loose earth is thrown on to 
absorb it. The surface of the road may be made more durable 
by the application of i in. of sand or gravel. 

''There is very little danger of using too much water. The 
wetter the materials the more thoroly the oil and earth can 
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pacted road surface, true to line, crown, and grade, — a con- 
struction of considerable stability in itself. The oil is best 
applied after a rain, when the surface is well dried out, but 
before any appreciable dust has formed. If there is much 
dust it should be scraped off. To secure best results, the oil 
should be applied hot. This is because in the first place the 
oil which is heavy enuf to require heating to flow freely will 
have a heavy body; and secondly, applied hot it will have a 
much better penetration. The cost, in Iowa, is that of one-half 
gallon per square yard per season, or about two cents (oil at 
four cents per gallon). An ordinary street-sprinkUng wagon 
has been used with success, care being taken to secure as even 
a distribution as possible. For more elaborate undertakings, 
especially with hot oils, tanks designed to be heated by steam 
from a traction engine or roller, and distributing the oil under 
considerable pressure are on the market, and give better results, 
especially with stone road surfaces. The cost of application 
is about two cents per square yard, also. 

The nature of the oil to be used cannot be adequately dis- 
cussed here. In fact the petroleums are so complex chemically, 
that the selection of a suitable road oil is more a matter for a 
chemical than a civil engineer. Many oil refining companies, 
however, are specializing in the production of oils for road work, 
and since it is to their interest as well as the consumers to get 
the right product, it may be expected that their advice can be 
pretty safely followed in this respect. 

340. Dust Preventives. — Until comparatively recent years, 
if properly constructed of suitable material, the macadam 
road was theoretically correct and practically sufficient to with- 
stand the average traffic of our rural communities. It was 
dependent for its bond upon moisture and upon the dust pro- 
duced by traffic, and so long as this dust remained upon the 
road surface to be washed into the interstices by occasional 
rains, a macadam road gave excellent and satisfactory service. 
With the advent of modern, fast, motor traffic, however, these 
roads deteriorated rapidly. The rubber tire created practically 
no dust, but raised such as there was and allowed it to be car- 
rfed a way from the surface. This dispVaeemet^X. tlq\. o\^ x<^^^^ 
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the road of valuable binding material, but created a menace 
to the health and comfort of the community. To find a remedy 
soon became of paramount importance. We have at present 
a great variety of materials for the purpose of laying the dust 
and thus tending to preserve the surface. 

Of course water has been the best known and most generally 
employed dust preventive. It effects a mechanical bond be- 
tween the particles of dust and rock, and with certain types of 
rock it has been shown to develop a weak chemical bond with 
the formation of colloidal cementing materials. The effect, 
however, is only temporary, and under heavy motor traffic 
in dry weather continual sprinkling is necessary, which soon 
becomes an expensive item. 

341. Sea Water has been tried with better success, owing 
to the fact that certain magnesium and calcium salts con- 
tained in it are capable of retaining moisture for a considerable 
length of time. The large amount of common salt also contained 
forms an objectionable feature to sea water, since in wet weather 
it leads to the formation of a salty mud which is injurious to 
the paint and iron work of vehicles. 

342. — The good results of sea water without its disadvan- 
tages are obtained by the use of calcium chloride which is 
obtained as a comparatively cheap by-product in the manu- 
facture of soda by the ammonia or Solvay process. This 
material was formerly appUed in solution, but recently it has 
been prepared in a fine granular form to be spread over the road 
surface in a thin layer. It takes up moisture immediately, 
giving the surface a damp appearance, and proves quite efficient 
where the average moisture in the atmosphere is sufficient to 
feed the salt. Otherwise, an occasional light sprinkUng with 
water is necessary. The salt is, of course, washed away by 
repeated rains and must be replenished from time to time. 
The cost of the treatment is largely dependent upon local 
cUmatic conditions. 

343. — The greatest development in the preparation of dust 
preventives has been made in utilizing bitumimms products 
such as petroleums, coal-tars and water-gas tax^. XVsssys:. 
materials were first used in their exude ?X^X&>\J^^^. ^^ ^.^^a^^iNs* 
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were only partially satisfactory, so that now we use refined 
products almost entirely. 

A clean, practically dustiess surface is the prime requisite 
for any form of successful surface treatment, and neglect to 
have such a properly prepared surface is too frequently re- 
sponsible for unsatisfactory results. The surface should be 
reasonably clean for the application of a simple dust-layer, 
since it is not the purpose of such an agent to lay any quantity 
of dust which may be present on the road, but rather to hold 
the products of wear for a i>eriod after the application has been 
made. 

This brief discussion of an important topic, will, it is hoped, 
prove at least suggestive and stimulative to the student. 



CHAPTER XV 
NEEDED LEGISLATION 

Soiind, constructive legislation must form the basis for any comprehensive 
and economical plan for road construction. For success there must be 
organizatioUy leadership j and money. 

This chapter suggests fundamental needs in legislation, not for any partic- 
ular State, but for all States, if the "good roads" movement is to 
rationally progress. 

344. — Since the sovereign people express their will by the 
enactments of their representatives, supposedly, and since road- 
building is so pre-eminently a public enterprise, it follows that 
sound permissive and creative legislation must be at the bottom 
of successful effort in this direction. Simple as this proposition 
seems the enactments of the past twenty years do not indicate 
that its meaning is at all fully grasped. 

345. — The American Highway Association has, thru cer- 
tain experts, compiled the road laws of the several States, 
and reports that an almost imbelievable amount of dead timber 
encumbers the statute books in this regard. Remarkably, too, 
it is often the smallest States which have the most curious and 
voluminous array of literary curiosities dignified by the general 
name, ''road law." Fortimately, there is now a distinct move- 
ment toward codifying and simplifying the road laws in many 
of the States. A State Highway Department, when created, 
must affiliate and harmonize with all the other governmental 
fxmctions and bureaus of the State. These differ widely accord- 
ing to the constitutions governing the various commonwealths, 
and are affected by general laws otherwise enacted. It follows 
that there can be no "cut-and-dried'' plan, or code, which will 
fit every state irrespective of these collateral reqjiiremfixvt&. 
Bach must be worked out in tiie ^^V ol ^i^'sX. ^t?i.Og^^^ -^s^^ 
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experience obtained in that or other States xinder similar 
conditions. 

346. — It may be confidently asserted, however, that good 
roads can be built, maintained, and financed with a reasonable 
and fair distribution of the burdens if the laws, whatever their 
length, language, or context, embody and express, even tho 
poorly, a relatively few fimdamental principles. It is the pres- 
ent purpose to eniunerate and conmient upon a few of them, 
in the hope that the suggestions made may prove helpful to 
those upon whom this onerous task of framing "good road" 
legislation may fall. By implication, it will be seen that the 
whole of this text aims at this very point. Wherever the de- 
scribed result is worth while, or wherever the means of accom- 
plishing it are direct and well-known, it is plain that the problem 
is simply to provide legislative language which will permit or 
compel that result alone. This remark must cover the very 
numerous matters which can not be alluded to here. In general, 
the shorter the road law, the better it will be, providing, of course, 
fundamentals are adequately covered. 

347. Code Essentials. — To build good roads, economically 
and upon a large scale, three broad elements must be present 
in the State's road laws. 

1. There must be created an adequate organization. This 
means workers enuf, tied together in co-operative effort, 
animated by a common purpose, profiting by each other's 
experience, in numbers proportionate to the work before 
them. 

2. There must be provision for adequate professional skill 
and intelligence in the leadership of the organization. This 
means progressiveness enough to keep abreast with the best 
practice elsewhere, and aggressiveness enough thru and by 
which the leaders will solve their own special problems in the 
best way, conducting entirely original investigations if need be. 
This sort of leadership costs money all along the line. 

3. There must be ample amoimts of wowey provided ca- 
pable of being spent in the light of the best experience. It 
should he amply safeguarded, but freely spent nevertheless, 

3J2d as a competent "general staft'' oi coijmv^.TA<tx-m-dci5d 
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deems most expedient. The final aim imder all three heads 
is to insure the taxpayer's getting actual value received for 
his money. 

348. Organization. — To begin at the top, there is needed 
a State Highway Commission, non-political in its nature, pref- 
erably containing non-political appointees from other state 
departments, as from its higher institutions of education. 

The Commission is to be a legislative and judicial body. 
Executive power should be vested in a Chief Highway, 
or State Engineer. He should have as many assistants as 
the work fairly demands, judged by usual commercial stand- 
ards, and should be permitted to organize his work among 
them by special departments, to get effective and economical 
results. 

Some States are so economical that they give him one assistant engineer 
and a stenographer, while others find they are saving large amoimts of 
money by giving him a headquarters force of thirty or forty with a field 
force of a hundred more, tho spending less than twice the amoimt than in 
the first case. 

All of these persons should be appointed, should work under 
permanent tenure during good behavior and effective discharge 
of their duties, and should receive pay commensurate with se- 
curing the complete efforts of the best class eligible for these 
positions. Since they will be educated at the State's expense in 
any case, why should not the State retain them so as to profit 
by their special knowledge so gained ? 

349. Leadership. — There must be, especially in the upper 
ranks of the organization, such a degree of intellectual activity 
as will be quick to perceive new and advantageous expedients 
on its own part, and to recognize and encourage similar 
activities in the minds of subordinates. There must be sound 
professional attainments, and upright, confidence-inviting char- 
acter. Civil Service, and the merit system, honestly and fairly 
administered, with substantial technical qualifications required 
of non-political appointees, promise the best results in this di- 
rection. This sort of leadership is worth what it costs, whatever 
that may be, and the cheap man is dear at axv^ ^\\^^. Ss^'^ 
leadership should have specific coxitroV oi ^5^ xo^^^o^^^^^i^^J^sN. 
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the State is directly a party, and general control and supervision 
of all road work in the State. 

360. Available Funds. — Road-building at its best requires 
large amounts of money. It may be raised by distinctly local 
taxes, or by State taxes which spread the burden wider, by com- 
binations of the two, or combination of either with revenue 
derived from special taxes on automobiles. Money simply 
must be forthcoming, and in substantial amounts, or any 
amount of good roads talk profits nothing. To build good 
roads there must be plenty of money; but it is an economic 
waste and crime imless it is expended with all possible safe- 
guards to insure that the public is getting its money's worth. 
But this presupposes all that has gone before in this particular 
discussion. 

361. Specific Topics. — Having dealt with the generalities of 
road legislation, a brief list of topics which should be incorporated 
is also appended, with brief conmient on each. These are among 
the things most needed: 

(a) Compulsory appointment of highway engineers, or high- 
way commissioners with suitable qualifications, in each county. 

(b) An adequate and uniform system of financial records and 
of cost accounting thruout the State, that waste and extrava- 
gance may be detected and checked. This implies the establish- 
ment of a complete statistical bureau, by which cost-analyses 
and benefits obtained can be checked against each other. This 
means economy. 

(c) Appointment of road overseers for townships, or less than 
coimty luiits, by the coimty board or commissioners subject to 
removal at any time for imsatisfactory service, — otherwise to 
be continuously employed. 

(d) Supervision of the expenditures, important contract 
lettings, and administration of county road funds by the State 
Highway Commission, operating to harmonize their plans, and 
prevent costly and wasteful experimentation. Thus work may 
be done right the first time. 

362. — {e) Authorization of special road districts for construct- 
ing costly hard'SurisLced roads, and iot dividing the costs accord- 

^ff to the benefits. 
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(/) Authorization of bond issues both by county and road 
districts, with suitable requirements as to their life, maintenance 
of the work, limit of indebtedness, or other expedients looking 
to the protection of the investing public. 

(g) Requiring State Commission to carry on active educa- 
tional propaganda in all feasible ways, looking toward the ad- 
vancement of the State's interests in transportation, and the 
development of her economic resources. Should include definite 
plan of training and promotion of all road-employees. 

363. — (A) Abolition of the "labor tax" for country roads, 
substituting a reasonable cash poll tax therefor. 

(i) Apportioning state taxes so that the centers of population 
bear an important part of the cost of country roads leading to 
them. 

ij) Classification of the roads in the order of their importance, 
and concentration of funds on those bearing the bulk of the 
traffic, such classification to be based upon a comprehensive 
study of traffic requirements and consideration of the economic 
development of the areas involved. 

(k) Requiring an economic survey for the location of and 
determination of the quality of all deposits of road materials in 
the state, and providing for systematic study of them in their 
possible combinations to ascertain the most economical practice 
for their use, and establishment of standards of quality to which 
they must conform before being permitted to be used on any 
state-control road. 

(/) Standardization of bridge plans, stating requirements to 
which all bridges in State must conform, having due reference 
to actual and prospective loadings, as motor-trucks, tractors, 
and road-rollers. 

(m) Provision for systematic, thoro, complete maintenance 
in each and every class and type of road work, including bridges 
and culverts. This prevents great wastes of money, and con- 
serves expenditures already made. 

364. Civil Service. — The National Civil Service Reform 
League has studied this topic in relation to highway work, and 
suggests the following as to the content oi. ^. ^\ii\a5ci\<t\b::^\ 

J. A board of three examiners, appom\jeA\y3 \5afc '^QM<as^ss^^ss^ 
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the Highway Department, for six year terms, removable only 
after a hearing and statement in writing of reasons for removal. 

2. Board of examiners to prescribe, enforce and amend rules 
affecting the highway service, and keep records of its proceed- 
ings and examinations. 

366. — These rules should embrace the following points: 

(a) Competitive examinations for all positions not of a 
policy-determining character. 

(b) Creation of eligibility Usts, to remain in force two years, 
containing names of candidates in the order of their standing. 

(c) Appointment of the person with highest standing on his 
appropriate list. 

(d) A probationary period of six months before appointments 
or promotions are complete. 

(e) Temporary employment without examination, in emer- 
gencies, with consent of board, pending appointment from an 
eUgible list. Same not to continue more than sixty days, nor 
authorize re-appointment. 

(/) Promotion to be based upon competitive examinations, 
and record of efficiency, conduct, and seniority. 

366. — 3. In vacancies requiring peculiar and exceptional 
qualifications of a scientific, professional, or expert character, 
if competition is impracticable, and the position can best be 
filled by some person of recognized attainments, the board may 
by full vote suspend competition, but must enter report of same 
and reasons therefor in its annual report. 

. 4. Examinations shall be impartial and shall deal with tLs 
duties and requirements of the position to be filled. 

5. A complete register shall be maintained of all persons in 
the Highway Service when such law takes effect, and sub- 
sequently, and show all changes in their status. Law not 
applicable as to present incumbents. 

367. — 6. No person in the Highway Service or seeking ad- 
mission thereto to be discriminated against because of his politi- 
cal opinions or affiliations. 

7. No officer or employee of the Highway Service to be in 
any manner concerned, orally, oi by \e\let, ixv s^oliciting any 
assessment, contribution, or subscdptioiv iox ^xc^J ^^XvNlvjaN.^'ijN^^^ 
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or purpose whatsoever from any person holding a position in 
the Highway Service, or from any other person; or take part 
in any poKtical aflFairs or campaign, further than to cast his 
vote and to express his opinions in private. 

368. Conclusions. — The above discussion of legislative mat- 
ters are only suggestions to stimulate the study of local con- 
ditions by legislators and the general public. There is a current 
tendency to rush into legislation without duly considering, first, 
what it is that is desired to be accomplished; and, second, the 
means by which the desired ends may be achieved. This is 
probably because road-building in this coimtry has for more than 
a century failed of recognition as an art based on science. All 
the inertia of a century's accumulation of ideas, many of them 
erroneous, must be now overcome before we can enter an era of 
true roeid'building. Happily, there is now considerable evidence 
that progressiveness and science, aided and supported by the 
wave of motorization sweeping aroimd the world, are rapidly 
xmdermining this inertia. 

The inertia in legislative matters, whose vital importance has 
just been suggested, has also been due, probably, to the predomi- 
nating type of membership in the legislatures of the great States 
where road problems pressed hardest. It has been chiefly made 
up of lawyers and farmers. 

The real building of roads is exclusively an engineering prob- 
lem, and a training in law touches it no more directly than any 
other of the manifold interests in life. The farmer, despite the 
notion of many to the contrary, doesn't necessarily know any- 
thing in particular about how to build good roads. These are 
further reasons why our legislatures lag in progressive road 
enactments. Under the circumstances it might not be inapt to 
call upon the engineer for assistance. It is to assist in disseminat- 
ing correct information upon the many phases of road-building 
among these legislators, the vast army of minor road officials, 
and among the public generally that this text has been prepared. 

Time alone will gauge the success of the effort. 



228 THE AMERICAN ROAD 

EPILOGUE 

The student or reader who has given careful attention to the 
preceding text, who has sought to verify the connection between 
the numerous facts stated and principles enunciated, can hardly 
fail of becoming a "good roads" enthusiast. He will find it 
merely a stepping-stone and introduction for more extensive 
inquiries and drciunstantial investigations in the field imme- 
diately surroimding him. It is hoped that this text will assist 
him more readily to secure an orderly arrangement and corre- 
lation of far-reaching economic principles than would otherwise 
be easy, and that his deductions may be more somid and effective 
because of it. As he studies, one thing will constantly grow upon 
him: There is no more outstanding fact in history, from the 
Roman to the Uhlan, than that good roads and free communica- 
tion spell progress, enlightenment, and civilization. The lack of 
them means barbarism. 
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Calcium Chloride, 342 

California's Experience with Oil, 334- 

338 
Cape Cod Roads, 333 

Care of Side Ditches, 104 

Cash Tax, 353 

Cash Tax vs. Statute Labor, 59(9) 

Cause of High Costs, 122 

Centralization, 70-142 

Changing Workers, 14 

Channel Scouring, 218 

Cheap Bridges, 220 

Cheap Roads Gk>od if Maintained, 139 

Cheap Roads Necessary, 4 

Cheap vs. Expensive Roads, 36 

Checking Hauling Costs, 129(a) 

Choosing a Surface, 37 

Choosing Wrong Road, 33 

Civic Centers, 20 

Civil Service Methods, 76(a)-8s 

Civil Service Plan, 354 

Classification of Roads, 353 
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Clay-on-Sand, 293 
Coal Tar on Stone Roads, 328 
Cofferdams, 182 * 

Commission Methods, 65 
Commission's Duties, 69 
Commission's Functions, 62 
Commission's Work, 1 1 
Community Development, 18 
Conclusions as to Earth Roads, 121(a) 
Conclusions on Administration, 87 
Concrete Costs, 198 
Concrete Dep>osited in Bags, 183 
Concrete for Culverts, 165 
Concrete Forms, 192 
Concrete for Slabs, 203 
Concrete Quantities in Bridges, 233 
Concrete Quantities in Through Gird- 
ers, 234 
Concrete Through Girders, 234 
Consolidated Schools, 19 
Constitutional Restrictions, 345 
Constructing Methods, 274 
Construction of Macadam, 262 
Continuous Employment, 59 (6)-84, 142- 

145 
Continuous Maintenance, 148 

Continuous Repairs, 140 

Contractor's Bridge Drawings, 229 

Contractor's Risks, 73 

Contractor's Specifications, 220 

Contract vs. Day Labor, 72 

Control by Specifications, 228 

Convict Equipment, Costs, 100 

Convict Labor: Argument for Use, 88 

Convict Pay, 94 

Convict Savings, 95 

Convicts, Classified, 96 

Convict Types Employed, 92 

Co-operation of State Agencies, 59(10) 

Co-operation of Subordinates, ii 

Co-operation with Commission, 62 

Co-ordination of Work, 125 

Correct Specifications, 223 

Correspondence Instruction, 65 (a) 

Costly Economy, 76 

Cost of Grade Crossings, 236 

Cost of Gravel Roads, 276 

Cost of Gypsum Clay Roads, 319 

Cost of Indifference, 15 

Cost 0/ MaintiuniDg Convicts, 99 



Cost of Roads, 315-317 

Cost of Trimming and Rolling, 134 

Costs and Conclusions, 321 

Costs of Plowing, Picking, Shoveling, 

133 
Costs of Top-Soil Roads, 305 

Cost Systems, Objects, 122(a) 

County as Road Unit, 71 

Country Drainage, 113-114 

Country Roads, Oil Treatment of, 331 

County Conunissioners (Iowa), 67 

County Engineer's Duties, 67 

County Organization, 83 

Creative Legislation, 344 

Cross Drains, no 

Crossing Elimination Procedure, 238 

Culvert Foundations, 175 

Culvert Headwalls, 214 

Culvert Length and Position, 174 

Culvert Openings, 210 

Culvert Paving, 178 

Culvert Problems, 75 

Culvert Washouts, 173 

Culverts and Future Improvements, 174 

Cumbersome Statutes, 345 

Curvature, 42 

Custody of Convicts, 98 

Dangerous Bridge Approaches, 173 
Dangers of Bridge Crossings, 237 
Day Labor Costly, 72 
Defects in Administration System, 85 
Deferred Payments in Road Finance, 

248 
Definition of Gravel, 265 
Deposits of Sand and Gravel, 281 
Destructive Factors in Foundations, 185 
Detecting Cost Leaks, 122(a)(8) 
Determining Culvert Openings, 211 
Detours, 42, 47 
Ditches in Cuts, 121 
Dividing Road Expense, 252 
Dividing the Cost, 59(1) 
Dragging Contracts, 84 
Dragging Hints, 154 
Dragging Not a Cure-all, 156 
Dragging Organization, 158 
Dragging Rules, 163 
Drag©n^ TYieoxv , 1$:^ 
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Drainage Waste, 27 
Dressed Form Lumber, 192 
Dry Fomidations, 184 
Didl Season, 74 
Dumping Gravel, 272-275 
Dust Preventives, 340 

Earth Roads> 6 

Earth Roads Form Foundations, 7 

Earth Road Grades, 48 

Economic Legislation, 57 

Economic Position of Sand-Clay Road, 

284 
Economic Principles, 58 
Economics of Administration, 57 
Economics of Convict Labor, 89 
Economy Aim of Commission, 62 
Economy in Engineering, 56 
Economy in Road Building, 38 
Economy in Winter Work, 74 
Educating Minor Officials, 65(a) 
Educational Highway Work, 65(a) 
Educational Propaganda, 352 
Effective Accounting, 69, 71 
Effective Engineering Saves Money, 75 
Effectiveness vs. Tradition, 16 
Effective Organization Needed, 62 
Effect of Grades, 46 
Efficiency Methods, 57 
Efficiency of Performance, 122(a) 
Elements of Economy, 36 
Elements of E]q)ense in Waterways, 167 
Elements of Expenses, 122(a)(3) 
Eliminating Grade Crossings, 238 
Employees' Register, 356 
Employment Rules, 355 
Engineering and Cheap Roads, 4 
Engineering Competency, 143 
Engineering Control, 147 
Equipment for Road Work, 309 
Erosion and Bridge Failures, 218 
Erosion around Culverts, 173-178 
Erosion on Grades, 55(4) 
Essentials of Top-Soil Construction, 306 
Estimating Concrete Materials, 191 
Estimating Curves for Bridges, 233 
Estimating Quantities, 131 
Estimating Steel Trusses, 234 
Examinations for Pix>fidency, 356 
Excavation Costs, 132 



Excessive Grades, 45 
Executive Results of Cost Keeping, 128 
Experience with Convicts, 97 
Experts on Admimstration, 85 

Factors in Bridge Design, 223 
Failure of Concrete Culverts, 186(a) 
Failure of Steel Bridges, 227 
Feudal System, 77 
Field Inspection of Bridges, 230 
Filling Vacancies, 356 
Financial Plan (Iowa), 68 
Finishing Sand-Clay Bed, 291 
Flat Slab Bridges, 186 
Forms for Concrete, 192 
Foundation in Soft Roads, 157 
Foundation of Gravel Road, 272 
Foundation Soundings, 220 
Fundamentals of Legislation, 346-347 
Future Traffic, 41, 51, 55(1) 

Gang Efficiency, 127 

General Bridge Considerations, 218 

General Road Benefits, 21 

Georgia Top-Soil Roads, 301 

Good Appearance, 121 

Good Roads and Good Schools, 19 

Good Road Truisms, 10 

Grade Crossings, 236-238 

Grade £kx)nomics, 55 

Grade Eliminations, 45 

Grader Costs, 151 

Grader for Betterments, 117 

Grader for Construction, 116 

Grades: Definitions, 45 

Grades vs. Alinement, 47 

Grading Defined, 45 

Gravel Concrete, 267 

Gravel, Definition, 265 

Gravel for Road Use, 271 

Gravel Maintenance, 35 

Gravel Properties, 269 

Gravel Road Quantities, 282(a) 

Gravel Sizes, 189, 269-270 

Gravel Surfacing, 266 

Gravel, Thickness of, 272 

Gravel, Value of, 268 

Gravel vs. Macadam, 280 

Hand MVaa^ ol Coiict^Xfc^ v^ 
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Hauling Costs, 25-26, 129(a) 
Headwalls for Pipe Culverts, 214 
High Culvert Costs, 125 
Highway Code Essentials, 347 
Highway Engineering, 56 
Hill Location, 47 
Hot Oil, Use of, 339 
How to Drag, 162 

Importance of Drainage Structures, 170 
Importance of Mixing, 190 
Improved Roads, 6 

Improvement District Assessment, Ex- 
ample of, 257-258 
Improvement Districts, 257 
Improving Pipe Trench, 213 
Improving the Convict, 88-90 
Improving the Road Work, 91 
Incidental Bond Obligations, 241 
Incompetency Handicap, 15 
Increase of Auto Traffic, 37 
Increase of Land Values, 17 
Increasing Reward, 126 
Increasing Strength by Mixing, 195 
Inefficiency of Labor Tax, 149 
Informing the Public, 65(a) 
Intelligent Planning Needed, 8 
Iowa Oiled Roads, 339 
Iowa Organization, 66 
Iron Pipe, 216 

Joints in Concrete Work, 197 
Judgment in Road Work, 12 
Judgment in Waterways, 166 
Justifying Expenditure, 140 

Kansas Oiled Roads, 338(a) 

Labor-Tax, 14 
Land Values Increased, 17 
Law-makers* Problems, 346 
Law of Economical Production, 126 
La)dng Concrete in Water, 183-199 
La)dng Pipe for Culvert, 213 
Leadership, 347(2)-349 
Legislative Language, 346 
Legislative Problems, 346 
Legislative Restrictions on Bonds, 34 
Level Stick, Use of, 4g 
Light Earth-work, 124 
L^ht Earth-work, Costs, 72 



Light Oils, 328 

Limitations on Dragging, 157 

Licensing Autos, 254 

Loading Costs, 129(a)(3) 

Loading Methods, 137 

Loads for Horses, 48 

Local Assessments, 256 

Local Materials, 6 

Location Betterments, 41 

Location Factors Compared, 51-54^ 

Logical Procedure, 8, 60 

Logic and Sequence in Construction, 60 

Lump-simi vs. Unit-cost, 73 

Macadam Binder, 263 
Macadam, Construction of, 262 
Macadam Roads, 260 
Maintenance, 139 

Maintenance a Function of Costs, 36-39 
Maintenance, Gravel, 280 
Maintenance Essential, 147 
Maintenance: Gravel and Macadam 

Compared, 280 
Maintenance Increases Mileage, 139 
Maintenance of Gravel Roads, 273-279 
Maintenance of Steel Bridges, 227-231 
Maintenance on Grades, 55(4) 
Maintenance Plans, 146 
Maintenance Required, 59(8) 
Market Roads, 81 

Masonry Abutments Economical, 224 
Materials Used in Culverts, 165 
Maximum Grades, 53 
Measuring Flood Flow, 211(5) 
Measuring Grades, 49 
Measuring Voids in Stone, 189 
Merit and Politics, 80 
Merit System, 78 
Michigan 60% Gravel Roads, 277 
Minimum Size of Culverts, 210 
Minnesota Drag System, 159 
Minnesota Road Costs, 138 
Mis-application of Bond Money, 34 
Mixing Concrete, 195 
Mixing Sand-Clay, 290-293 
"Modified Macadam,*' 265 
Modified Sand-Clay Mixtures, 299 
Money Losses, 80 

Motor TTuOLVa^^, "^^tcX. o^ ^o^ Sur- 
iaces, 130 
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Moving Earth by Carts and Wagons 

and Scrapers, 135-136 
Mud Waste, 24 

Natural Location, 41 
Natural Sand-Clay Mixtures, 298 
Needed Legislation, 344, et seq. 
New Locations, 42 
No Inspection of Bridges, 230 
Non-Participation in Politics, 357 
Normal Growth of Country Popula- 
tion, 23 
No Universal Plan of Legislation, 345 
Number of Tile Lines, 108 

Object of Cost Accounting, 122-128 

Obsolete Administration, 6i 

Official Road Army, 15, 77 

Oiling Earth Roads, 338 

Oil-Sand Roads, 327 

Oklahoma's Position with Oil, 336. 

Organization for Efficiency, 347(2)-348 

Patience in Sand-Clay Construction, 294 
Patience in Top-SoU Construction, 308 
Patrol System, 152 
Paying for Roads, 59 (3) 
Pa)dng Off Bonds, 244-245 
Pennsylvania Administration Hints, 86 
Percentage of Grade, 49 
Periodical Inspections, 147 
Permanency in Concrete Work, 186(a) 
Permanency in Investments, 40 
Permanency vs. Repair in Culverts, 

167-172 
Permanent Bridges Economical, 221 
Permanent Bridge Types, 224 
Permanent Employment, 145 
Permanent Parts of a Road, 34-40 
Permanent vs. Temporary Portions, 

34-40 
Permanent Work, 34 
Personal Responsibility, 59(5)-67 
Petrolithic Methods, 335 
Pile Foundations, 179-180 
Pile Structures, 207 
Pipe Culverts, 213 
Placing Concrete, 197 
Placing Steel, ig4 
Plan of Treatment J 3 



Planning Work, 14 

Planning Ahead, 61 

Political Interference, 80 

Possibilities of Earth Roads, 7 

Power of Horses, 48 

Preparing Sub-grades for Macadam 

Roads, 261 
Principles of Road Economics, $8 
Private Entrances, 105 
Problems of State Conmiissions, 70 
Problems of Supervision, 76 
Properties of Gravel, 264 
Publishing Cost Data, 73 
Purchasing Engineer, Duties of, 223 

Qualifications of Workers, 85 
Quality of Road Stone, 261 
Quantities in Slab Bridges, 186 
Quantities of Concrete Materials, 191 
Quantities of Gravel Needed, 282(a) 

Radiating Roads, 9 

Railway and Highway Bonds Com- 
pared, 244 

Rainfall Affecting Culvert, 211(1) 

Reasons for Road Bonds, 240 

Recognizing Sand-Clay Mixtures, 311 

Recommended Bridge Procedure, 223 

Relocation Benefits, 52 

Repairs vs. Maintenance, 121(A) 

Replacements, 122(a)(7) 

Replacing Old Bridges, 236-237 

Requiring Cash Tax, State Aid, Clas- 
sification, Standard Plans, 353 

Results of State Control, 63 

Results Without Maintenance, 140 

Right-of-way, 43 

Roads an Engineering Problem, 12 

Road Bonds, 240 

Road Building an Engineering Prob- 
lem, 4 

Road Classification, 81 

Road Districts, 352 

Road Dust, Quantity of, 295 

Road Economics, Scope, 57 

Road Institutes, 65(a) 

Road Investment, 22 

Road Locations, ^1 

Road PattoY?*, \«>i 

Road "PYaivw, i.^'s. 
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Road Problems, ii 

Road Roller, Use of, 120 

Road Speddists, 59(4) 

Road Type and Culvert Choice, 167(2) 

Road Width, 44 

Rock Asphalt, 337 

Rolling the Road, 127 

Rubbing Test, 314 

Rubble Masonry, 217 

Rules for Road Work, 86 

Rules of Commission, 355 

Ruling Grades, 53 

Rural Development, 23 

Safety of Steel Bridges, 226 
Safety on Grades, 55 (s) (6) 
Sand and Clay Quantities, 296 
Sand and Gravel Deposits, 281 
Sand and Gravel Survey, 282 
Sand-Clay Materials, 322-325 
Sand-Clay Practice, 297 
Sand-Clay Road, Theory of, 283 
Sand-Gypsum, 322-320 
Sand-on-Clay, 290 
Sand Tests, 326 

Scope of Country Road Problems, 5 
Screening Gravel, 277 
Sea Water, 341 
Secondary Ditches, 106 
Secret of Low Costs, 38 
Section Line Roads, 41-52 
Selecting the Aggregate, 188 
Selecting Tjrpe of Waterway, 166 
Selling Bridges, 219 
Serial Bonds, Example of, 251 
Serial vs. Term Bonds, 246-249 
Shape or Crown, 11 1 
Shaping Back Slope, 121 
Shop Inspection of Bridges, 230 
Shoulders on Gravel Roads, 275 
Shrinkage of Clays, 288-289 
Side Ditches, 104 
Sight Distance, 42 
Simplified Accounts, 259 
Sinking Fund Risks, 250 
Sinking Funds, 249-250 
Size of Waterways, 168 
S/ab Bridge Forms, 201 
Slab Dimensions, 203 
Slaking Bail Test, 314 



Slaking of Clays, 288 

Slope of Culvert Pipe, 214. 

Slope of Side Ditches, 104 

Slope of Tiles, 109 

Small Bridge Types, 186 

Sources of Information, i 

Sources of Road Funds, 239 

Spading Concrete, 197 

Specialists in Maintenance, 148 

Speed of Hauling, 129(a)(2) 

Spending Wisely, 39 

Sprinkling Gravel Road, 274, 275 

Standard Bridge and Culverts, 221 

Standard Culvert Plans, 166 

Standard Instructions, 122 

Standard Plans, 353 

Standard Sections, 11 1 

State Aid, 81, 252, 353 

State Commission and Coimty, 84 

State Control of Bridges, 235 

State Control, Results, 63 

State Supervision, 71 

Steel Bridge Failures, 227 

Steel Bridges, Safety First, 226 

Steel for Reinforcement, 194 

Steps of Development, 38 

Stone Arches, 217 

Stone Culverts, 217 

Stone on Roads, 264 

Stream Histories, 218 

Strength of Gravel Concrete, 189 

Strength Requirements in Bridges, 171 

Sub-drainage, 107 

Sub-grade for Oiled Roads, 339 

Successful Bridge Work, 220 

Successful Engineer, Qualifications of, 

76(a) 
Supervision, 351 
Supervising Local Officials, 16 
Supervision of Bond Money, 242 
Suriace Betterments, 115 
Surface Drainage, 103 
Surfacing on Grades, 55(7) 
Systematic Effort, 149 

Taking Roads out of Politics, 85 
Tax Labor in Schools, 77 
Temporary w. Permanent Roads, 5 
Testing Sand-Oa-v, ^\a 
Test Questions Vxi'RoaA'^atV, -L^-i 
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Tests for Voids in Sand, 313 

Theory of Dragging, 153 

Theory of Local Assessments, 256 

Theory of Stability, 283-285 

Thickness of Sand-Clay, 291 

Thumb Test of Clay, 314 

Tile Drainage, 107 

Timber Culverts and Bridges, 204 

Timber Footing, 177-181 

Time Element in Gravel Roads, 272- 

279 
Time-killers, 125 
Timeliness in Dragging, 153 
Timeliness in Planning, 74 
Time of Removing Forms, 193 
Time to Build Sand-Clay, 294 
Times to Turn Concrete, 196 
Tin Bridge, Example, 222 
Tin Bridge Graft: Reasons, n 
Top-Soil Characteristics, 303 
Top-Soil Grades, 302 
Top-Soil Methods, 304 
Town Highway Accounts, 259 
Township Road Superintendents, 66 
Traction Effects of Surfacing, 55(7) 
Tractor Work, 119 
Trading Areas, 9 
Traffic Census, 59(2) 
Traffic Method of Construction, 292 
Trained Organization Needed, 76(a) 
Training in Road Work, 144 
Tramp Nuisance, 93 
Tremie, Use of, 199 
True Clay; Colloids in Clay, 286-287 
Trunk Roads, 51-252 
Tubular Piers, 232 

Two-course Gravel Construction, 275 
Type of Traffic, Effects of, 47, 51, 55 

(2)-(3) 
Types of Permanent Bridges, 224 
Typical County Plan, 84 

Underestimating Earthwork, 123 
Undermining Culvert Foundations, 

185(3) 



Unpacked Roads, Losses, 120 

Unsafe Bridges, 75 

Upkeep Required, 141 

Use of Concrete, 187 

Use of Concrete in Bridges and Culverts, 

172 
Use of Gravel, 271 
Use of Scraping Grader, 150 
Use of Water, 340 

Vacancies, Examinations, Employees* 

Register, 256 
Value of Earth- work Costs, 123 
Value of Sand- Clay Roads, 284 
Varieties of Wood, 205 
Varying Sizes of Aggregate, 189 
Virginia Top-Soil Specifications, 307 
Vitrified Pipe, 215 
Volume of Earth-work, I3i-i3i(a) 

Waste by Drainage, 27 

Waste by Labor Tax, 8 

Waste by Poor Choice, 35 

Wasteful Management, 15 

Waste in Unskilfulness, 12 

Waste of Bond Money, 34 

Waste of Bridge Money, 232 

Waste of Materials, 128(2) 

Waste of Time, 128(6) 

Water and Roads, 102 

Water-shed Affecting Culvert, 211(2) 

Waterway Classification, 164 

Waterways Table, 212 

Weight of Steel Bridges, 234 

Wetness in Concrete, 195 

Wide Roads, 43 

Width for Roads, 44 

Width of Right-of-Way, 43 

Wing Walls, 202 

Winter Dragging, 160 

Wintering of Sand-Clay, 300 

With and Without Commission, 64 

Wooden Bridges, 225 

Wooden Floor Joist Tables, 206 

Wrong Type of Road, 35 



